|. 


‘data on what engineers 


‘employed by 311 consult: “FUTURE 
REPROCESSING DILEMMA synthetic fibers—a field in 
It now appears that one which the chemical engi- 
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1,500° F. nuclear reactor 
first announced step in 
the direction of process 
heat generation. 
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Noted and quoted 


FIRST REPORT ON 1,500 F. AIRCRAFT 
EXPERIMENTAL NUCLEAR REACTOR 


Alvin M. Weinberg 


High-temperature nuclear 


Director, O.R.NLL., 
Oak Ridge, Tennessee 


reactors hold considerable 


promise as direct sources of thermal energy for the chem- 
ical industry. Earlier this year (February), CEP carried a 
prediction that a 2,500° F. (exhaust gas temperature) 
reactor could be built “today.” Now, ORNL director 
Weinberg announces that a 1,500° F. reactor has been 
built--and operated—at Oak Ridge. Here are Weinberg’s 
remarks, delivered May 15 at the first Inter-American 
Symposium on Peaceful Applications of Nuclear Energy 


at Brookhaven. 


Oak Ridge National Laboratory 
in 1954 performed what was called 


the Aireraft Reactor Experiment 
(ARI) which involved a circulating 
fuel extremely high-temperature 


(1,500° Ff.) reactor in which the fuel 
was 4 mixture of molten fluoride salts 
containmg Ub, 

The decision to go ahead with thi 
project was made on the basis that 
it was worth-while to construct and 
operate such a reactor even before 
the ditheult problems of long-term 
metal attack by the fluorides had been 
solved 

Lhe reactor was de igned to ope rate 
at 1500 kw: it actually ran at a peak 
output of 2,500) kw [he exit tem 
perature of the fuel from the reactor 
to the heat exchanger was about 
1,500° the inlet fuel temperature 
was about 1,200° 

lhe reactor was brought critical on 
November 3, 1954, by adding a molten 
Uk, concentrate to the barren mix 


ture of molten fluoride salts The 
reactor went critical essentially with 
out imeident, and was brought to full 
power operation on November 9. The 
reactor ran continuously for about 
four days and nights, and after log 
ging more than 90 mw.-hr. of high 
power high-temperature operation, it 
was shut down. The ARE has since 
heen dismantled 

pecifically, the fuel consisted of 
molten mixtures of the fluorides of 
uranium and thorium carried in the 
fluoride of other metals An ex- 
unple of such a fuel is Nak-BeF, 
UF, and of a breeder blanket ma 
terial, Thky-Li;F-BeF,. Such fuel 
allows high temperature at low pres- 
ure, dissolves thorium, and does not 
undergo radiation decomposition 

The fluorides have certain compen- 
iting chisadvantaye First, the fluo- 
ride mixtures melt at rather high tem 
perature (approximately 500° C.) 


Second, they are not as good mod 


High-temperature, 
circulating fuel reactor, 
heart of recent 
Aircraft Reactor 
Experiment at 


Oak Ridge 
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erators as heavy water—as a conse- 
quence the concentration of U5 jn 
a fluoride system must exceed the con- 
centration in a heavy-water system, 
and when the holdup in the external 
system is counted, the material effi- 
ciency of the system tends to be low. 
Finally, because the fluoride salts used 
as carriers absorb some neutrons, the 
breeding ratios achievable in fluoride 
systems are less favorable than in D,O 
systems 

As far as corrosion is concerned, 
the fluoride systems are entirely dif- 
ferent from the aqueous systems since 
there is no protective film involved 
Ihe question of whether corrosion in 
fluoride systems can be held down suf 
ficiently to allow a molten fluoride 
reactor to operate tor many years 1s 
one on which ORNL is now working. 

rhe incentive for achieving a suc 
cessful high-temperature reactor which 
burns U*%° in liquid form is seen from 
the following economic consideration 
If U235 costs $17/g. and if it can be 
burned without refabrication (i.e., in 
liquid form) in a very high-tempera 
ture reactor with a thermal efficiency 
of 35%, the fuel cost, just as a 
straight burner, amounts to less than 
2 mils/kw.-hr. This is competitive 
with the best conventional fuel costs 
Thus, the possibility of large-scale con 
version of cheap Kentucky and Ten 
nessee coal into cheap electricity, at 
places far from Kentucky and Ten 
nessee, by first converting the coal to 
U235 in a diffusion plant depends on 
being able to burn the U*®® in liquid 
form in a device which produces the 
power at high temperatures. In addi 
tion, the high temperatures achievable 
with the molten fluorides make them 
of interest for aircraft application 

Since the moderating power of the 
constituents of the fuel was not suffi 
cient to sustain a chain reaction with 
the U concentrations used, it was ne« 
essary to provide a separate BeO 
moderator. The fuel flowed in ser 
pentine nickel-alloy tube through 
the reactor where the system be 
came critical The liquid was 
pumped by means of a high-tempera- 
after leav 


ture centrifugal pump, an 
ing the reactor, went through a heat 
exchanger The heat ultimately was 
rejected to water; between the fuel 
system heat exchanger and the water 
heat exchanger was a stream of re- 
circulating high-velocity helium, which 
served as an intermediate heat-ex- 
changer fluid. The heat generated in 
the BeO reflector was removed by cir- 
culated sodium; this heat was also 
rejected to water by means of an inter- 
mediate helium system. Because of the 
thermal expansion of the fuel, the 
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turbo-compressors help increase 


New ethylene plant of the Gulf OW Co a Port Arthur. Texas. Sto 


Webster Engineering Corporatior mners and constructors 


"ee 


1R gas compressor for handling feedstock IR gas compressor, rated 11,400 iniet cfm at 
Rated 6230 iniet cfm at 2527 psia discharge 264 7 psia discharge pressure. in propane re 
pressure Driven by 4300 hp steam turbine frigeration service Steam turbine driven 


AIR AND GAS COMPRESSORS for the process industries 


Ingersoll-Rand builds a complete line of reciprocating and centrif 
ugal compressors. Pressures range up to 35,000 psi and capacities up 
to 255,000 cfm. These machines are now serving in such important 
Steam turbine driven |R tandem centrifugal 
compressors in ethylene refrigeration service processing as synthesis of methanol, ammonia, rubber and toluol; 
Rated 3770 inlet ctm at 270 psia discharge 


pressure hydrogenation and dehydrogenation; polymerization; and alkyla- 
tion. Electric, steam, gas turbine, gas-engine, diesel and belt drive 
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capacity of 
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to over a million pounds a day! 


Serving Gulf Oil’s Port Arthur No. 2 unit, these 
Ingersoll-Rand compressors are employed 
for compressing process gases and refrigerants 


HEN THE second ethylene unit of the 
Gulf Oil Corporation at Port Arthur 
Texas, went on stream last year, it increased 
the plant's capacity by 220 million pounds a 


Now, the 


commercial ethylene 


world’s largest producer of 
it is supplying a grow 


Texas Gulf 


ing number of customers in the 
Coast area 

Of the six Ingersoll-Rand centrifugal com 
pressors installed in the new No.2 plant, three 
units are in process gas service. They are de 
livering a mixture of refinery gas and gas from 
and 


the cracking furnaces to the recovery 


of | R gas compressor Steam turbine driven 


racking furnaces 


ae 


, 
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separation section of the unit. The remaining 
three I-R compressors are 


and propane 


handling ethylene 
for cascade refrigeration in the 
separation section 

For exacting operations 


Ingersoll-Rand 


proven unusually successful 


such as these 


have for 
They 


most rigid requirements of the process 


compressors years 
meet the 
indus 
tries, in which millions of horsepower have 
now been installed 

Your I-R engineer will welcome the oppor 
tunity to help you solve 


your air or gas com 


pression proble ms 


scharge for handing gases 
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Cementable TEFLON 


solves dry chemical 
handling problems 


provides frictioniess Do dry powders “hang up” when they 

linings for... should be on the move, because surface 
friction in your handling equipment pre- 
vents their smooth continuous flow? 
Are corrosive materials shortening your 
handling equipment life? 
Line it with Terton*-the slipperiest 
solid material known, that is also cor- 
rosion and contamination proof. 
Cementable TEriLon is now available in 
economical thin-section tapes (down to 
.005 thickness) and in sheets up to 48” 
x 48” in size, with one side etched for 
permanent cementing to any metal, wood, 
glass, concrete, plastics or other surface. 
Readily applied with standard commer- 
cial adhesives to new or existing equip- 
ment, often eliminates need for vibrators 
or constant manual attention. 
For further information, write for 
Bulletin AD-158. 


United States Gasket Company 


U nited Camden 1, New Jersey 
S tates 
asket 


SRRLOCK PACKING COMPANY 
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(Continued from page 6 


was expected to 

selt-controlling The 
other than the inher 
perature coethcient 
steel regulating rod \ 
the center of the 
boron carbide safety rods 

Che active region of the 1 
a right circular cylinder, 33.3 ) in 
diam. and 35.8 in. high BeO 
retlector was 7.4 in. thick critical 
mass was 14.9 kg. of { 235 . the total 
mass of U255 in the whole system (in 
core, and external system) was ap 
proximately 66 kg. The flow velocity 
through the reactor was 1 m/sec 
the Reynolds number was 10,000 

Several important observations re 
sulted from our experiences with the 


ARE 


e@ The extreme stability of a liquid 
fuel reactor was noted. The reactor was 
completely power-demand responsive, and 
the control was done mainly by manipu 
lating the flow of cooling helium gas to 
the heat exchanger The control rods 
were used for setting the operating 
temperature level 

e The Xe™ came off continuously, as 
did many other gaseous fission products 

e The method of keeping the pipes 
always heated so that no freeze-up would 
occur was shown to be feasible and prac 
tical. This problem in the ARE is rather 
analogous to the problem of maintaining 
pressure in the aqueous HRT It is, so 
to speak, the price one pays for using 
a fuel that boils at high temperature 

e As in the HRT, the problem of 
maintaining absolute leak tightness was 
difficult. It was solved adequately for 
the relatively short period of operation 
of ARE; however, there was a small 
leak from the gas volume above the liquid 
surface of the fuel pumps which made 
the operation awkward during part of 
the time 


Altogether the experience with ARI 
reinforces our view that chemical-type 
reactor systems merit serious investi 
gation, that even a high-melting salt 
mixture can be used as a reactor fuel, 
and that one way to achieve economi 
nuclear power—perhaps the simplest 
way—is to burn U** in high-tempera 
ture devices like ARE in which the 
fuel is liquid. The Oak Ridge National 
Laboratory hopes to be able to demon 
strate not only short-term operability 
of such devices, but also long-term re 
liability of components and compatihil 
ity of material for application 
in central station, molten fluoride 
power plants. Success in this venture 
would open up yet another avenue 
toward the goal of economic nuclear 
power 


(Letters to the Editor on page 14) 
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Eimco Burwells SAVE TIME 


Recovering Yellow Cake 


Two Eimco Burwell Filters recover and wash 
uranium precipitate before it goes to a rotary dryer 
in an acid leach flowsheet that produces yellow cake 
(magnesium ammonium diurinate). 


Uranium rich eluate is precipitated with magnesium 
oxide and ammonia in a 20,000 gallon batch operation 
and pumped to settling tanks. Clear supernatent is 
decanted to waste and pulp is pumped to the 2” x 26”, 
10- frame Eimco Burwells at 50 psi. 


In this critical assignment, the Eimco-Burwells 
recover precipitate in a very short cycle time (| hour, 
15 minutes, start to start), During the cycle, precipitate 
is washed to specification in 20 minutes. Filtrate losses 
ere less than 15 ppm. 


The homogeneous split cakes formed on these 
Eimco-Burwells provide this firm with a high flow 
rate during the entire cycle because effective filtrate 
area is not seriously reduced as filling progresses. 
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EIMCO CORPORATION 
SALT LAKE CITY, 


tory Division, Sen Mateo, Colifornia 
Export Offices Guiding, +52 South Street, New York 5, 


This cake formation also eliminates channeling and 
short circuiting. 


Washing occurs through half a cake thickness... 
permits maximum removal of soluble values with a 
minimum wash volume. 


One set of frames is filtering while the other is 
cleaning; thus, cleaning downtime is negligible. High 
mechanical operating efficiency of frames and filters 
sharply reduce labor, maintenance and filter medium 
costs. 


Eimco vacuum and pressure filters provide users 
operating and production advantages in many phases 
of uranium flowsheets as well as in a wide variety of 
other chemical and metallurgical processes. 


Write today for detailed information or arrange to 
have an Eimco field engineer help you with your 


process problems. 
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NOW. select your complete Fluid Mixer 
assembly from this catalog | 


Model PTO Dimensions . . 
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AN ENTIRELY NEW CONCEPT... 
Now for the first time—anywhere— Philadelphia Mixer presents 
Dis easy-to-use, comprehensive mechanical design information per 
mitting catalog selection of complete paddle and turbine type 
SoS fluid mixers 
Choose the desired mixer drive type and size correct’ lower 
shaft and impeller(s plus all other components including 
proper stuffing box or mechanical seal assemblies for pressure 
vessel mixing 
You will know exactly how much space the mixer drive will occupy 
on top of your tank how much head room is necessary for an 
installation what tank opening must be provided for insertion 
of mixing impellers... what mixer supports must be furnished 


SAVE TIME... 

Determine the exact mixer assembly you need without unneces 
sary delay. No need to waste time and patience in lengthy con 
sultation with outside sources 

REDUCE INSTALLATION COSTS... 

Know early in your design project the required space for mixer 
installation and what room is available for other equipment. Avoid 
costly changes at a later date 

BE SURE OF CORRECT MIXER DESIGN... 

Again, for the first time, you can select a complete mixer and be 
absolutely sure that it is a guaranteed sound, practical design 
which will assure optimum mixing performance 
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philadelphia GEAR WORKS, INC. 
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Offices in all Principal Cities 


FREE—This valuable catalog ts 
yours upon re quest When writing, 


use your business letterhead 
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OUTLET FOR BRAINSTORMS? 


There is a need for a new and 
imaginative type of technical magazine 


Many 


come trom 


feature future development 


will 
equipped or not qualified to test them 


ol people not 


The current popular and frequently 
valuable timulation of imagination 
produc ed by crence fietion uygest 
that perhaps there are many more con 
structive imturtion vhich could be 


made by creative people. It is usually 
specul ition which sets u on the pat] 
to discovery—prior notions of what 
we will find before we start our searel 


‘Brainstorming’ has demonstrated the 


value of reducing somewhat the critical 


testing of ideas before them 


Many 
broadly 


presenting 
major advances im = science 
defined ulted 
fertilization of idea 
held This is 


of the 


have re trom 


the cro between 
demonstrated 
hields 


biochemistry, bio 


variou 
by the such a 


phy sical chemistry 


physi \ forum for presenting idea 

curiou observation indo unsolved 
problems should do much toward stim 
ulating the thoughts of really creative 
people. Such a forum would permit 


a technical man to ponder over the 


problems beyond his specialty in the 


According 


physical or social 
to Norbert 


sciences 


Wiener 


automation of 


Letters to the editor é 


bernetics got it tart this way 


The military people wanted an intel 


ligent antiaircraft gun computer 


could learn Specialists of variou 
disciplines each contributed ome 
ideas—the computer was never built 


but automation evolved 


lhe economist might be surpri ed at 


what an electrical engineer versed in 


feedback could suggest about monetary 


problem and so might the engineer 


clearly visionary 


ven if an idea 
t may trigger a profitably original line 
of thought m a readet 

Ben) Franklin 


published in the 


imin could hardly 


cientific journals 


of today his famous kite experiment 


or | northeastern 


comments on 
torm Hi 


screntif 


observations were not 


protound paper but they 


vere m contributions to cence 


W hen 


hed art than it 


letter vriting was a more pol 
today and the 
le tter 


loday 


ren hed were lewert 


pe ople to be 


vriting could serve the purpose 


more is required, The standards of 
the current scientific papers should be 
maintained, but some kind of round 
table for the less disciplined paper 


or note should be provided 
Restricting the scope somewhat, pet 


haps the presentation of an especially 


perple xing engineering or chemical 


problem with or without suggested 


solutions would produce the answer 


vyhom contact would 
peculiar 


from others with 
difficult he 


material could lead to 


other wise he 


properties of a 


extensive theorizing about it use, 
how it would act under various cir- 
cumstances and the like, and how it 


might lead to new uses 


What I am 


imaginatively 


suggesting then is an 


edited feature section 


devoted to peculation—to the pre- 
entation of ideas not fully tested, 
to the stating of problems, and to the 
asking of stimulating questions. The 
wider the range of specialties and 


ideas presented, the more likely it is 


that they will help create something 


new under the sun 


men- 
From a purely business point 
of view this like an attractive 
What would be a better place 
to advertise products than in a 
imag- 


One final point seems worth 
tioning 
seems 
idea 
new 
journal which devotes space to 


inative speculation ? 
Stuart G Mi Griff 


Callery, Pennsylvania 


Why not?—Ed. 


Patent Omission 


In reading the article “Design of 
an Ethane Pyrolysis Reactor” by R. H 
H. C. Schutt (CEP 
133-M), we are di 


complete omission of 


Snow and 
March, 1957, p 
tressed to 
the fact that the thermal cracking fur 
illustrated is a 


note 


nace described and 
development of the Selas Corporation 
of America which development is cov 
S. Patent No, 2638879 
k:lmer B. Dunkak 


Dresher, Pennsylvania 


ered by U 


Dose of Salts 


I have noted on page 190 of the 
April issue of Chemical Engineering 
Progress an article on electric mem 


brane demineralization, | have not 
read the article yet, but in general | 
Katz [au 


page is a 


have no quarrel with Mr 
thor | that 
box which I am assuming is not Mr 
Katz's, but editorial wish 
particularly to take exception to Item 2 


However, on 


omment, | 


which is my own particular baby 
In the first place, the International 
constructing 


Nickel Company is not 
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this pilot plant; it is being constructed 
by thi 
and A 
from the Department of the Interior 

You 
calandria evaporators similar to those 
salt 
is a 


organization [W. L. Badger 


sociates, Inc.| under a grant 


say, “It will employ long-tube 


manutacturing com 


badly 


who knows 


used = by 


panies very nuxed 


up statement by somebody 


nothing about evaporators The long 


and the calandria 
totally 


industry 


tube evaporators 


evaporator are two different 


designs Ihe salt does not 


use the long tube design. Consequently, 


we are not taking a leaf from the 
book of salt practice The last 
sentence in this paragraph is not, 
strictly speaking, incorrect, but does 


involve an incorrect inference in that 


we are not following salt practice at 
all. So, out of the whole paragraph, 
strictly cor- 


the only sentence that is 


rect is: “The plant is expected to be 
completed in approximately nine 
months.” W. L. Badger 


Ann Arbor, Michigan 


The Uses of Diversity 


I extend my appreciation and ap 
excellent 


staff in 


proval for the pertormance 


editorial continuing 
to issue this 
journal [Chemical i:ngineering Prog 
The 


editorial poli 


ot your 
mtormative, attractive 


ress | discriminating and alert 
is stimulating to en 
gineers in many phases of America’s 
vast technology 


The April 


contained a 


CEP, 


articles on the 


issue of which 
series ot 
paper industry, was quite useful to a 
about 80 our 


group of members of 


53, No. 6) 


local Oak Ridge-Knoxville 
of the A.IL.Ch.E 
ited the Bowaters Paper Plant at Cal- 


Chapter 
which recently vis- 
houn, Tennessee 

During a two-hour symposium after 
the field 
sion of current paper pulp technology 


trip, an enlightening discus- 


between Bowaters officials and our en- 


gineers demonstrated that the engi 
neers were thoroughly familiar with 
the April CEP issue 

C. FE. Muszzall 


Powell, Tennes sec 


cy 
a 
= 
CCC 


HIGHLY INTIMATE BLENDS 
IN 3 TO 5 MINUTES 


Sturtevant blending continues during 
discharge - no segregation or flotation 


Sturtevant Rotary Blenders start 4- 
way blending while charging, continue 
it during discharge, thus producing 
highly intimate, even blends of dry and 
semi-dry materials — within 3 to 5 
minutes of start of charging. 

Six complete blending cycles per 
hour are common. And Sturtevant's 
special action produces no particle 
reduction, cleavage or attritional heat 
— is highly effective yet gentle and 
safe even with explosives. 


Receiving 


Scoops cascade material 
as drum rotates. Move- 
ment forces material from 
both ends to middle. Thus 
blending is 4-way — cir- 
cular, vertical and two 
lateral. 


Discharging 


Single gate controls 
charge, discharge. Blend- 
ing continues throughout 
discharge phase, Result is 
no segregation or flota- 
tion — highly intimate, 
even blends. 


Self-cleaning, dust-sealed drum; 
fast, one-man accessibility 


Operation of Sturtevant Blenders is 
self-cleaning. Drum interiors are com- 
pletely dust-sealed; special design of 
stuffing box fully seals against leakage. 
For inspection of all models, one man 
simply loosens a few lugs to remove 
manhole cover — quickly and easily. 


Nine standard models with 
capacities to 900 cw. ft. 

Pilot plant blending to largest pro- 
duction runs are handled by stand 
ord models of Sturtevant Blenders 
with capacities from 10 cu. ft. to 
900 cu. ft: Rotary drum design is a 
proven spacesaver, including head- 
room. Write for Bulletin No. 0808 
giving complete specifications. 


Sectional view of Sturtevant Blender 


\ 
‘A’ (solid line) shows swinging chute a 
in biending position; ‘B’ (solid line) & 
shows gate closed for blending. ‘A’ 
(dotted line) shows swinging chute in 
discharging position; ‘B’ (dotted line) 
shows gate open for discharging. 


— 10 cu. ft. Sturtevant 


Blender at U.S. Steel 
Corp.'s new Applied 
Research Laboratory 
(Raw Materials Divi 
sion) in Monroeville, 
Pa. This unit handles 
batches up to 500 Ibs 

is ideal for pilot work 
and small runs 


One of four 450 cu. ft. Sturtevant Blenders 
at Celriver Plant of Celanese Corp. (Rock 
Hill, N.C.). These large units handle up to 
20,000 Ibs. batches — have a 9-year rec 
ord of meeting the most exacting blending 
requirements. 


Fully or semi-automatic, or 
manually controlled operation 


Constructed of carbon steel, stainless 
steel or Monel metal, Sturtevant Rotary 
Blenders are engineered to fit each 
customer's needs — can be supplied 
with injector sprays and any desired 
control system. 

For more on Sturtevant Blenders, 
request Bulletin No. O80B, (See cou- 
pon for available bulletins on other 
Sturtevant machinery.) Write today. 


STURTEVANT MILL CO. 


My Gry-process materials are 


Desired capacity is 


City 


2, Mass. 


VERIZING 


0 PU 
CONVEYING 


AIR SEPARATING MIXING 


(0 GRINDING 
GRANULATING 


Please send me your bulletin on Blenders 


Also bulletins on machines for: 


MICRON-GRINDING 


STURTEVANT MILL COMPANY, 135 Clayton Street, Boston 


% CRUSHING 
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EMERY INDUSTRIES LICKS TOUGH PROBLEM: 


How to pump fatty acids 24 hours a day, 
7 days a week, and cut maintenance costs! 


Around-the-clock hydrolysis produces fatty acids from animal fats, tallow, palm, soy- 
bean, cottonseed and corn oils at Emery Industries plant in Cincinnati, Ohio. Pumps 
work on hot corrosive fatty materials 24 hours a day, seven days a week, and mainte- 
nance used to be a costly problem. Packings had to be replaced far too often. Valves 
needed frequent refacing. Wear of plungers was excessive. 
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How Emery solved the puzzle: Looking for an 
answer to the problem of excessive downtime 
Emery conferred with 
several pump manufacturers. Aldrich was 


and maintenance, 


the only company to offer a pump better in 
both design and materials... the fluid end 
being of stainless steel. Original, ineffective 
pumps were immediately replaced with 
Aldrich Triplex Pumps. 


Result: ‘I'wo Aldrich Pumps have pumped 


raw materials on a continuous basis since 
1948. T'wo more were installed for additional 
capacity in 1954. 
been reduced substantially. Downtime has 


Maintenance costs have 


decreased to a minimum. Operating efficiency 
is now at an all-time high and quality of proc 
essing has improved. We'll be glad to send you 
full information on Aldrich Pumps and their 
advantages to you. Simply write Aldrich Pump 
Company, 3 Gordon Street, Allentown, Pa. 


the toughest pumping problems go to 
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Solve Your Drying Problems 


WYSSMONT | 


As drying engineers we constantly strive 
to improve not only our design but also 
our methods of testing to eliminate guess- 
ing. After years of development, we have 
come up with the last word in laboratory 
test drying facilities. That is why increas 

ing numbers of manufacturers are call 

ing on the facilities and “know-how” of 
the Wyssmont drying laboratory to help 
solve drying problems in connection with 
products that may be fragile, heat sensi- 
tive, oxidizable, toxic, hazardous or oth- 
erwise difficult to process. 


Here in our Wyssmont Test Dryer, simu- 
lated actual operating conditions such as 
material temperature, drying tempera 
ture, drying rates, air velocities, turn- 
over cycles are established. These tests 
are further fortified with complete mois- 
ture, chemical and physical determina- 
tions. The recording and data are trans- 
lated into graphs, such as those shown 
here 

Whether the problem involves drying 
only, solvent removal and recovery, puri- 
fication by sublimation or gas solids 
reactions, the tests are exhaustive, the 
product analysis complete and accurate, 
the report and the conclusions objective 


and unbiased 


WYSSMONT 


COMPANY, INC. 


DRYING 
ENGINEERS 


Wyssmont automatic transfer type test dryer with control panel. 


+ 4 + + 
= 
if 
; | 
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Typical record of drying product which sublimes or decomposes 


| 
200 
tet 
+--+ ¢ ; 
| ware | | | 
; +, ; ; | 
4. 4 i I 


Typical record of drying a hydrate. 


DRYING © SUBLIMATION OXIDATION COOLING 
Home Office: 42-03A 27th St. (Bridge Plaza South) Long Island City 1, New York * Representatives in principal cities 
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e 
‘DRYING 
LABORATORY” | 


Leslie Pressure Pilot 


*not directly related to process 
variables but resulting from pipeline 
friction and turbulence. 


Send for Bulletin 5303 
that gives complete 
technical data and typical 
application sketches for 
the Leshe Pressure 
Control Pilot 


This installation in the De Laval Steam Turbine Company in Trenton, N. J. demonstrates 
how fast load changes, caused by turbine tests, piace a grueling load on this pressure 
controller reducing station for makeup. In the words of the power plant engineer: 
“The control stability is good and the controller does the job well.” 


Narrow Band 


Pressure Control 
with Stability 


Wide band stability and narrow band proportional control are 
uniquely combined in the Leslie Control Pilot without need for extra 
mechanisms to correct for over SCNSICIVITY 


While the pilot responds to small, definite pressure changes, it “sorts 
and “‘ignores”’ the small, spurious* disturbances common to most 
control systems. Since it does not follow nor magnify these disturbances, 
cycling and hunting are climinated. It is ideal for systems with short 
lag factors. 

NO COSTLY EXTRAS 

The “‘designed-in"’ stability and high capacity of Leslie Pressure 
Control Pilots also eliminates costly ‘‘extras™ there is no need for 
automatic reset, valve positioners or filter-type air sets. You get stable, 
reliable control without fussy adjustments and with ordimary plant air 
or water for the operating medium 


MORE INFORMATION 


Ask your Leslie engineer to give you the complete story of the ex- 
clusive features that make Leslie Controllers ideal for straight pressure 
control problems. He's listed in your classified directory under ‘‘valves’’ 
or “‘regulators’’. Send for bulletin described at left 


REGULATORS anp CONTROLLERS 


LESUE CO., 241 GRANT AVENUE, LYNDHURST, NEW JERSEY 
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Edward L Ande rson, Jr.° 


his magazine has consistently re- 

ported the technical background of 
chemical reprocessing. In the earlier 
part ot the year, the Atomix Energy 
Commission attempted to define one of 
the important areas in commercial re- 
actor development that still re 
mained uncertain. Previous releases 
ol price schedules, use charge , x 
had defined fairly closely the eco 
nomics as well as could be seen 
of most portions of the nuclear-fuel 
cycle which were still subject to Com 
mission control. ‘ihe area remaining 
was that of nuclear fuel reprocessing 
what charges would a power reactor 
operator incur in that portion of the 
fuel cycle between the discharge of 
irradiated fuel and the return of decon 
tamimated fissile and fertile material 


n February 18, 1957, the Commis 
0 sion announced that individually 
negotiated contract with private 
power groups would establish firm 


proce ing 
ition, on a 


charges for Commission 
ervice ubject to cancell 


l2-month notice, upon determination 


that the ervice were commercially 
ivailable at a reasonable price The 
total charges are to be determined on 
the basi of a daily charge derived 
from the costs associated with an as 
umed chemical-processing plant cap 


ible of handl nig the fuel in que thon 
It should be emphasized that the use 
I hypotheti il plant lor cost esti 
mation purpose not nece arily 
var anv relation to what the Commi 
on will actually do with the fuel 
returned to it. In practice, such a plant 
could be built, existing facilities could 


be modified, or selected fuels could be 


tored mdetinitely before processing 
The hypothetical plant has been desig 
nated the Multipurpose Chemical 
Proce ny Plant The general plant 


* Mr. Anderson is chemical engineer in the 
Engineering Development Branch 


NUCLEAR FUEL REPROCESSING 
— ITS STATUS AND DIRECTION 


Division of Reactor Development 


Atomic Energy Commission, Washington 


material would be processed in_ the nology, particularly that with respect 
same facility This saving 1 possible to tuel stor we and tailend final 
due to the relatively low capacity tor cvcle olvent extraction bea i vind 
low-enriched material required m thi basis in existing experience 
IOC, approximately on/aay ‘ipure i ow pram 
period, apy tely 1 ton/d Figure 1 sl box fl 
eT se CONdITIONs, Equipment size 0 ne conceptiua nan 
Under tl lit july t f tl ptual plant 
of some of the dissolvers, and column 
Spent fuel, which has been stored im 
is sti sma enough to permit simu the canal facility pending accumulation 
taneous use of enriched material under of a ignificant hat r te permut 
for example, always-sale geometry further cooling, is taken either to the 
conditions with little or no peci al cle appropriate mechamecal pretreatment step 
sign Where nece ary dual equip or directly to the headend ch lutron 
ment would installed. The “head step. The Zircex and Darex headend 
end” concept was assumed the are tied to a common hydrochloric acid 
Ovi step bec: ‘ will all 
minimum number of headends being "™0V4! step because, as one will re 
each mvolve it on tage 
chosen which would be capable ol , 
proce a solution hydrochlorn and 
handling the diversity of fuel type trams tie 
anticipated complicated by their of the nonvolatile UCL, in nitric acid, and 
different enrichment Darex from the direct d lution of 
For thi purpose ulvanced tech stainle materials ma nitric lt hor 
nology was used, in the sense that none mixture The fitth headend is based 
of the propo ed technologie ha is vet on the best estimate 
been demonstrated in a pilot plant a molybdenum-uranium hay | 
alloy clad rine ut ait i ited 
operation with irradiated fuel Liow 
teel structural piece With this 
ever, it hould be en pha ized that the ‘ 
particular design the ta Va 
chemi try and engineering involved a umed le mect anical 
are a logical extrapolation of existing meat umd a preliminar liu wid 
tec hnology ind one that the at tep was used zircon ul 
self might actually use in the event next was dissolved m pure | fluor 
that private facilities do not become wid under whicl re 
available and processing must be per material 1 nd ve 
se] ead nit } 
formed on an interim basis in govern itself was d ; 
ment facilities.+ Some of the tecl + Editor's italics 


Fig. 1. Conceptual multipurpose chemical processing plant 


(ane 
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| 
€ nto 
UT 
G paces 
i v1 7ed \ ‘ pect 
to order of magrituce from the tech ’ 
nological imtormation available from 
operating pla t data ind advanced 
processing development work. On the 
basi of anticipated fuel load from 
power reactors in the period 1960-67 
amt 
i capacity wa determined issuming te 
th it both 1} ivi an low enr hment 
| | 


Fig. 2.—Conceptual Multipurpose Chemical Processing Plant 


1. Laber and materials 


A. Canal and equipment 


. Mechanical treating equipment . 


. Chemicol make-up and storage 
Radioactive off-gas facility . 
Prorated utilities 
Waste evaporator 


Enriched Zircex dissolution 


Low-enrichment Zircex dissolution 


Enriched Darex dissolution 


Low-enrichment Darex dissolution 


6 
D 
E 
F 
G. liquid-liquid extraction 
J 
K 


H,.SO,HNO,HF dissolution 


M. HCI distillation 
N. Solids separation 
Oo 


Buildings 


Total labor and materials . 


il. Construction overhead and fee (40%) 


Subtotal 


ill. Engineering and inspection (10%) . 


IV. Product containers 


Grand total capital 


Fig. 3.—Annual Operating and Waste 
Storage Costs, Conceptual Multipurpose 


$ 750,000 
540,000 
270,000 
900,000 
770,000 

75,000 
1,605,000 
480,000 
150,000 
150,000 
360,000 
1,260,000 
900,000 
180,000 

. 4,837,000 


13,227 000 


18,518,000 


20,370,000 


$20,570,000 


Chemical Processing Plant 


Annual depreciation 


Fig. 4.—Derivation of AEC Standard 
Daily Chemical Processing Charge 


| (@ 10%) $2,057,000 
Direct operating person 
nel and supervision | Annual operating and 
(53 @ $7,200) $382,000 | waste storage 1,936,000 
Maintenance 130,000 Subtotal $3,993,000 
Supplies 170,000 
Analytical services 102,000 Annual AEC overhead 599,000 
Health ph 36,000 7 
Total annual costs 4,592,000 
Services 
Standard AEC daily 
Steam 72,000 
( days/ 15,300 
Ale 8.000 charge (300 days/ year) $ 
Water 20,000 Fig. 6.—Typical Fuel-Processing Charges 
Fuel number ........ 1 2 
Suttotel Assumed batch size 
Overhead and other 467,000 (Kg. U) 12 5475 22,000 
; | Processing rate (Kg. U/ 
Total operating 1,409,000 | day) . . 44 150 1,000 
Processing time (days). 03 3%5 22 
Waste storage 527,000 Turnaround time (days) 3 8 8 
Total plant time (days) 33 445 WW 
Total operating and | Processing charge ($000) 50.5 681 459 
waste $1,936,000 | Unit charge ($/Kg. U) 4,200 124 21 
Fig. 5.—Typical Fuel Characteristics and Processing Details 
Rate of Rate of 
dissolution extraction 
Number and description of fuel Processing scheme (Kg. U/day) (Kg. U/day) 
¥ Plate assemblies of 1. Mechanical treatment 4 44 
90% enriched U as 2. Enriched Zircex 
a Zr alloy, Zr clad 3. HCI distillation 
4. Waste evaporation 
2 Pin assemblies of 1. Mechanical treatment 150 150 
27% enriched U as 2. H,SO,-> HF - HNO, 
a 10% Mo alloy, Zr 3. Solids separation 
clad; $.S. structural 
material 
3. UO, pellets (2.5% 1. Mechanical treatment 1,000 1,000 
enriched) in SS. 2. Low enrichment Dorex 
tubular assemblies. 3. HCI distillation 
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denum precipitates in this solution and 
is centrifuged out before the extraction 
step. It is undoubtedly fair to say that 
the fuel element, as recently modified, 1s 
somewhat simpler to handle \fter either 
the hydrochloric acid removal or the solid 
separation step, all materials have been 
reduced to an all-nitrate form and are 
amenable to conventional solvent ex- 
traction 


‘I he box 


off-gas tacility, 


(Figure 1), “radioactive 
indicates the treat- 
ment facilities required to overcome 
any possible hazard to the public from 
the release of undiluted radioactive 
krypton, iodine, or volatile ruthenium. 
These substances can be released in 
the fuel dissolution step although the 
total quantities involved are sig- 
nificantly affected by cooling time and 
pecific process technology 

The assumed capital costs of the 
Multipurpose Processing 
Plant, based on existing AEC ex- 


Chemical 


perience, are shown in Figure 2 


The building is visualized as composed 
of appropriate concrete cells, each cell 
housing one or more specific items of 
process equipment with the associated 
piping and shielding. Direct maimtenance 
vas assumed, based on the highly success- 
ful experience obtained at the Idaho 
Chemical Processing Plant with this tech- 
nique Kemote maintenance, of the type 
used at the other AEC processing facil- 
ities, was felt to be less desirable for this 
low throughput, nonroutine plant 


While it was obviously not possible 
to estimate in detail the costs of many 
of the individual process items in view 
of the early stage of development of 
ome of the concepts, this limitation is 
not felt to be quite so significant as at 
first might be imagined. Costs of a 
dissolver and its cell, for example, are 
not influenced too strongly by the 
specific material of construction, Only 
ibout 2007, of the plant cost applicable 
to a given cell is associated with equip- 
ment items. The remainder is de- 
termined by over-all cell size and the 
prorated share of auxiliary facilities 
such as general piping, analytical 
facilities, and services. By the applica- 
tion of overhead and engineering fees, 
a total capital investment of about 
$20,500,000 results 

Estimated annual 
waste-storage costs for the plant are 


operating and 


hown in Figure 3. Charges for operat- 
ing personnel, maintenance, and sup- 
plies are the best estimates available. 
Charges for analytical, health, and 
general services are deduced from the 
appropriate prorated charge as de- 
termined by the local contractor and 
the AEC at the operating site. Over- 
head includes administration, and 
security forces 

Waste-storage technology has been 


issumed on the basis of the best avail- 


5,291,000 
1,852,000 
. . 200,000 
Win 


able data from current operations, and 
not from the viewpoint ol ultimate dis 
the actual return to the 
the 


posal, that is, 
waste 
the 


ol products. 


environment 
Costs were 
the initial construction costs of storage 
tanks uming $1.00/ga!. for nitric 
acid, $2.00/gal. for and 
$3.00/gal. for hydrofluoric acid wastes 


estimated on basis of 


a» 


sulfuric acid 


A charge of 10 cents /lb. was made tor 
Zr‘ ly torage The total waste costs 
anticipated in an average year, con 
sidering each fuel with its «appropriate 
storage volume and charge, were to 
taled and regarded as an operating 
cost This number, plus the other 
operating expenses, are taken as the 


total annual operating cost 


The derivation of the AE( tandard 
daily chemical proce ing charge 
shown in Figure 4. In actual practice 
each fuel processed uses only a por 
tion of the entire plant and the indi 
vidual operating costs vary from fuel 
to fuel. Estimates were first made as 
sociating with each fuel it propor 
thonate hare of total capital cost ind 
its individual operating expense. It 
soon became apparent however, that 
these totaled costs for each fuel were 
the same within the limits of accuracy 
of the figures. For this reason, the 


same daily charge was taken for each 
fuel Taki v at 
10% /y1 ind iting 
torage tandard 

one finds that a total 
of about $4 

assumption of 
of 300 


plant depreciatior 
including 


the 


ope T 
waste ind 


overhead « 


narge 


annual operating 
600.000 results 


expertise 
On the 
annual operating basis 
a daily charge of $13,300 /day 
This be 


fuel found 


an 


day vi 


charge will 


finally appeat 


modified for any which 1 


to require ignificantly higher of 


lower operating or proportionate 


cap tal charge 


In an estimate of the charges for a 
given fuel, the most important item | 
the actual throughput rate for the ma 
terial. Throughput rate is governed 
by the quantity per day processable 
through the tailend solvent-extraction 
facility. This rate may be quite differ- 
ent from that at which the fuel is di 
solved or pretreated Due to the de 
sign of the multiple headend facilities, 
ais pe ble to carry out several head 
end operations on different fuels 


This throughput, plus 
“turn- 


imultaneously 
cleanup and 
around,” the total 
of plant operating days required 

Turnaround takes 
sideration the time necessary for 


for plant 


time 


determines number 


con- 
tart 


time into 


ing, shutdown, and cleanup of the tail 
end preparatory to introduction of the 
It has been taken as either 
for small batches of fuel 


next fuel 


eight days or, 
equal to the actual processing time, 


a minimum of three days in any 


with 


OF UF, 


Fig. 7. Volatility processing 


ise. This shding scale was chosen to 
reflect economue which might result, in 
the treatment of small batches, trom 
peci il cheduling or deliberate m.xing 


enrichments 


of material of different 

Che desirability of blending different 
cnrichment and the optimization of 
proce losse will be determined 
purely on an economic basis using the 
published price scales for nuclear ma 
terial 


The AEC plans to release additional infor 
mation on the plant design and flowsheets in 
the near future so thot private operators can 
make their own preliminary estimates of charges 
for fuels of the more common varieties. Esti 
mates for charges on fuel of new compositions 
or unusual design would presumably have to 
be made by the Commission inasmuch as plant 


modifications or new flowsheets might be re 


quired. The charge covers only the treatment 
of fuel; it does not include process losses or 
Losses will be 


use-charge during processing 
taken os 1% of the feed. Costs of delivery of 
fuel to the processing plant would be borne by 
the reactor operator 


The technology behind the deriva 
tion of charges for a few typical fuel 
types is illustrated by Figure 5. Fuel 
No. 1 uses highly enriched uranium 
highly diluted in a zirconium alloy 
The cladding is also zircomum. Over 
ill composition is 3% uranium, 97% 
zirconium. This material would be 
proce ed with the high enrichment 
Zircex headend at a pretreatment rate 
of 4 kg. of uranium/day. The tailend 
proce ing rate, which determine the 
charges, is 44 kg. /day 

Fuel No. 2 is a molybdenum-ura 


nium alloy, 27% enriched, clad in zir 


conium After removal of stainless 
steel structural material with sulfuric 
acid, the zirconium cladding and the 
uranium-molybdenum alloy are di 

olved by successive treatments with 


2 — 
Of Oe OF 
OF 
hydrofluoric acid and mitrice a | he 
cissolution and extraction rate ire 
equal, both bemg 150 kg. of ura 
nium /day 
Fuel No. 3 consists of low enriched 
pellets in stamle teel 
assemble Phe low-enriched Darex 
headend is used, at a rate of | ton/day 
The tailend extraction rate 1 ilso 1 
t day 
ome imple charge computation 
ire shown in Figure 6 The batch 
ze in the econd column represent 
the reactor operator judgment to 
the optimum quantity processable at a 
yiven time after considering reactor 
mading schechale use-charye on om 
ventory, and the effect of sl} pment re 
on shipping charge Following down 
the table on Fuel No. 1, the processing 
rate is determined as already outlined; 
this gives the number of processing 
lavs to which is added the turnaround 
time to give total plant day 
essing charge ire then indicated. It 
uld be emphasized, of course that 
the significant cost ts not the cost fig 
ured on a $/kg. ba but rather the 
‘ t determined on the basis of $ mwad 
f heat or electrical-energy-produced 
Phis will be determined by the degree 
burnup the designer obtau from 
the fuel elements as well as the value 
i bred material which in be re 
overed from the processed fuel 


On this basis, chorges for the reactors so far 
studied by the Commission appear to be in the 


range of 


‘ th 
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during processing and storage are not 
included but will be written into each 
contract 


p to now in this discussion of fuel 
U processing, no mention has been 
made of two of the Commission's most 
important areas of effort. These are 
commonly referred to as the volatility 
approach, and the pyrometallurgical 
remote refabrication approach 

Volatility processing (2) (3), like 
aqueous processing, is capable of ob 
taming high decontamination of nu 
clear material from fission products. 
The idea of using the volatility of 
Ub, as a separation method first came 
to light in the days of the Manhattan 
Project. With the main interest cen 
tered on Pu recovery however, there 
seemed to be little applicability of the 
volatility methods, because PuFg, 
though presumed to be volatile, was re 
garded as difficult if not impossible to 
prepare 


Present processes can be discussed 
logically in two parts: those directed 
only at highly enriched U recovery, and 
those intended for uranium and pluto- 
nium recovery. Figure 7 shows these 
two basic concept In the highly en- 
riched case, the uranium alloy ts con- 
tacted with fused sodium-zirconum 
fluorides through which is bubbled 
gaseous hydrogen fluoride. The fuel 
element reacts to form UF, and fluo- 
rides of the alloy and fission products 
The fused salt mixture is now con- 
tacted with gaseous fluorine which 
oxidizes UF, to UF,. The hexafluo- 
ride is quantitatively and almost selec 
tively volatilized from the melt, most 
of the fission product and alloy fluo- 
rides being essentially nonvolatile. The 
gaseous UF, now can be fractionally 
distilled, or selectively adsorbed and de 
sorbed on a heated bed of NaF, yield- 
ing a product of extreme purity. 

The lower flowsheet illustrates the 


bromine trifluoride dissolution of pure 
uranium or high-uranium alloy ma- 
terials. Bromine trifluoride, a power- 
ful oxidizing agent, transforms ura- 
nium to UF,, after which it is oxidized 
to UF, and treated as shown above. 
The plutonium, which is present as 
plutonium tetrafluoride, is nonvolatile 
and remains with the fission product 
residue. Recent experiments indicate 
excellent progress on the problem of 
developing an all-volatility process, 
that is, one capable of removing pluto- 
nium, as plutonium hexafluoride 

Corrosion and engineering problems 
are indeed significant, but it should be 
emphasized that these processes have 
now progressed to the pilot plant stage 
of development. 


Furthermore, it would be fair to say that 
volatility processing, particularly with respect 
to some of the highly enriched zirconium fuels, 
is at @ more advanced state of development 
than the corresponding aqueous headend 
technology 


ith the increasing interest in the 
fa optimization of the over-all nuclear 
fuel cycle, attention has been given to 
the pyrometallurgical remote refabri 
cation approach, This involves short 
cooled processing of irradiated ma 
terial at reactor sites For those 
reactors using solid fuel element 
a complete fabrication facility ts 
an integral part of the processing 
plant It is 
completely recycle nuclear fuel at 


therefore po ible to 


the reactor, with transportation in 
volved only in outgoing shipment ot 
wastes and incoming shipment of cold 
fuel-make-up material 

Ihe usual reasons for processing 
have been (1) the restoration of re 
weetening” or re moval of 
reactor poisons, (2) the need for con 


centration and perhap recycle of bred 


activity by 


material, and (3) where applicable 
the need for restoration of structural 
mteyrity The «ke vree ofl decontamina 
tion sought always has been of the 
order of one million times greater than 
that required for these purposes due to 
the need for direct fabrication. By fab 
ricating fuel elements remotely, pyro 
processing takes advantage of the much 
le tringent decontamimation tactors 
required merely for reactor operation 

Fuel elements which can be proc 
essed and fabricated remotely must be 
of simple design. At this stage of de 
velopment, this means elements that 
are made by casting and which use 
sodium bonding Examples include 
the fuels for the Sodium Reactor Ex 
periment (SRE) and the Experimental 
Breeder Reactor (EBR-11.) The ac 
tual chemistry of pyroprocessing ts 
relatively simple. Merely melting the 
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fuel releases the inert gas fission 
products. This is especially significant 
in the case of xenon which is an im 
portant reactor poison in thermal re 
actor Holding the uranium in the 
molten state tor perhaps 15 min per 
mits the volatilization of the alkali and 
alkaline earth metals because of thei 
high vapor pressure at the uranium 
melting point The residual fission 
products fall into a fairly regular seri 
according to their electropositivitie 

By contacting the uranium pluton 
ium-fission product melt with fluoride 
or chloride salts, or with oxides or 
graphite, it is possible to convert the 
more electropositive fission products 
to a compound or salt lorm thus 
obtaining a phase separation of these 
impuritie Contact with a well-chosen 
fused salt can, as before, cause an oxida 
tion-reduction reaction which transter 
the plutonium to the salt phase, or plu 
tonium can be partitioned into molten 
magnesium, a procedure analogous to 
olvent extraction. Separation of the 
low clectropositive element 1 u ually 
not attempted. Experiments indicate 
that their presence contributes to the 
radiation stability of uranium alloys 
and they are not especially objection 
able as thermal poisons in) moderate 
concentration 

The pros and cons of pyrometallurgi 
cal methods are many. Among the ad 


vantages the following can be listed 


1. They ore uniquely suited to molten metal 
reactors which in some cases could not operate 
without continuous processing because of fission 
product build-up 

2. The processing plont is quite compact; 1 
kg. of uranium metal occupies 1/20 liter com- 
pared with approximately 4 liters of solution 


associated with 1 kg. in aqueous processing. 
This volume reduction factor of 80 can lead 
to substantial savings in equipment and shield- 
ing costs 

3. A large portion of the fuel cycle is elimi- 
nated by keeping metal as metal throughout 
the entire processing-refabrication sequence 

4. Short cooling is permitted due to the in- 
sensitivity of reagents to radiation domage 
Decay of U-237, which of itself necessitates 
90 to 120 days’ cooling of the reprocessed 
uranium if direct fabrication is to be used, is 
completely eliminated. Inventory charges on 
nuclear fuels can be kept to an absolute mini 
mum in this way. 

5. Waste materials ore already highly con 
centrated and may be more readily contained 
than the aqueous wastes currently stored 


Disadvantages of pyroprocessing in 


clude the following 


1. Fuel elements must be simple, and 
designed carefully with respect to the limita- 
tions inherent in this kind of refabrication 

2. While plant sizes are miniscule relative 
to conventional aqueous plants, they have high 
capital costs in terms of their throughput. This 
factor could conceivably negate all the inher- 
ent advantages. 


As in most of the facets of nuclear 
technology now under investigation, 
only actual construction and operating 
experience will be able to resolve these 
over-all economic question 
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Variety of Plasties Helps _ Natl Distillers 


New Pump Lick Corrosion 


Except for its drive moter. a new pump 


designed for electroplating and chemical serv 
Six distinct 
Its 


ice is made entirely of plastics. 
kinds of materials are 
Various components. 

The pump body is made of polyethylene 
the impeller of Hypalon The filter and filter 
chamber utilize polyviny! chloride, Dynel and 
a phenolic, while the hose is of vinyl. The 
pump handles from 50 to 300 gallons per hour 
and, the manufacturer filters out all 
particles larger than about 1 micron. The 
plastics are said to take in stride such mate 
rials as chromic, fluoboric and nitric acids, 
and the filter successfully handles solutions 
of ferric chloride, silver nitrate, iron and lead 
fluoborate and many others 


plastic used in 


Test Detects Trace Ethanol 


A simple procedure for detecting trace 
amounts of ethanol in liquids has been devel 
oped and reported in the literature. It is 
especially sensitive when used with liquids 
that are free from water 

The test first oxidizes ethanol to acetalde 
hyde and then permits detection of the latter 
by reaction with nitroprusside, As little 
3 micrograms of ethanol in one drop cf a 
benzenethanol mixture can be easily detected 
Presence of water in the test liquid results 


in hydration of some of the acetaldehyde and 


thereby decreases the sensitivity of the test 

One to three drops of the sample are placed 
in a micro test tube, and several centigrams 
of hot copper wire or cupric oxide are drop 
ped into the tube. A of filter paper 
moistened with one drop of a freshly made 
reagent (consisting of equal volumes of 5% 


dis« 


sodium nitroprusside solution and 20% aque 
ous morpholine solution) is placed over the 
top of the test tube. If ethanol is present, a 
deep to light blue stain appears on the paper 


aimeost at once 


Tank for Nuclear Reactor 
Fabricated Entirely of 
Zirconium Alloy 


A new experimental nuclear power reactor 
utilizes a tank fabricated entirely of Zire 
aloy-2. The comple x assembly illustrates how 
fabricating techniques can be 


use of zirconium and 


conventional 
modihed to permit the 
alloys 

Because zirconium is highly reactive at high 

temperatures 

shielded 


ar hic ved 


welds of the metal and its alloys 
This shielding 


apparatus 


must be against air 


a water-cooled 
designed to fit the spherical and 
of the welded surfaces. The 


directed inert gas at and be 


was with 


apes 
conical shapes 
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apparatus also 
hind the torch 
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Changes Name 


To Reflect Growth of Activities 
In U.S. 1. Chemical Division 


Now National Distillers and Chemical Corporation; U.S.1. Head 
Made an Executive V.P.: Third of 1956 Profits from Chemicals 


National Distillers Products Corporation has changed its name to National 


Distillers and Chemical ¢ orporation, 


The new corporate title reflects the substantial growth of the company's chem 


ical operations, which last year contributed 34 


interest, taxes and minority interest, 


ATTENTION: Users of Taxfree 
And Specially Denatured Alcohol 


Lsers of specially denatured and tax 
in the process al 
val of their 
permits should 
has 


free alcohols who are 
forms tor 
withdrawal 
parent company 
next col 


filling out rene 
and 
note that | 


changed its name 


basic 


(see story 
umn) 

When you file your applications with 
the Assistant Regional Commissioner 
Aleohol and Tax Division 
please be sure to use the new company 
name, U.S. Industrial Co 
Division of National Distillers and Chem 
ical Corporation, 


Tobacco 


National entered the chemical field in 1950 
htabula 


when it built 


a sodium plant at A 


of operating profits before 


Ohio. This operation is now a part of 

S. Industrial Chemicals Co. divi 
acquired ley the parent company in 
Today, all chemical activities of the corpora 
tion are conducted through ite LSA 


and its subsidiary 
orporation 


National Petro-Chemicals 


Elect New Officers 


Coincident with the name 


Bierwirth 


nounced the 


president 


executives 
Roy 


elected executive 


is executive vice 
charge of the US 
with responsibility 


promotion of a number of ' 
Among these were Dr Thilo 
Coppedge and Bh, ¢ 
vier 


president in 


change 
ol the 


corpor 


Kt 
Ohiandt, who we 
idents, Dr 


pre 


divi hon 


New Officers at National Distillers — U.S.1. 


Dr. R. E. Hulse, new Executive V. P. of 
National Distillers and General Manager and 
V.P. of USL. Division, directs Corporation's 
chemical operations. He joined National in 
1949 as Director of Research and Develop 
ment, William P. Marsh Jr., Assistant General 
Manager of U.S.1. Division and V.P. of Na 
tional Distillers, has been named USA VP 
as well, Dr. Stuart Schott, with National since 
1945, is new Research V.P. of USA Francis 


Olmsted heads the Development Department 


asa ULS.L. V.P. Alden R. Ludlow, Jr. joined 
company in 1934, has now been made U.S.1 
Sales V.P. R. WH. Cornwell was appointed 
L.S.L. V.P. of production, and is in charge 
of all USL and National Petro-Chemicals 
plants 


Schott Olmsted 


A. ludiow, Jr 


W P. Marsh, ir 


H. Cornwell 


195! 


John 


| 
=o 
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ADVERTISEMENT entire page u paid advertisement Prepared by U. S. Industria 


U.5.I. CHEMICAL NEWS 


that “Chemical News” does not confine its 
U.S.1. Che rie al News columns to information about products of | | TECHNICAL DEVELOPMENTS 
Marks 25th Anniversary | Considerable space is devoted to items | 
Information about manufacturers of these 
items may be obtained by writing U. S. 1. 


about products of other manufacturers, to 
research findings and to processing technol 
Has Largest Circulation of Any | czy. In short, “news value” is the editorial 
Pul li — ( | | | criterion A non cosvesive leak detection paint 
ation in“ hemica me ustry The Technic al De velopments column, areg- - 
ular feature of page 2, describes new products w 
With this issue, USL. “Chemical News” | and processes that range acrows the entire 
rounds out 25 years of service to the chemical | industry. Manufacturers who have something 
processing industry. Today, “Chemical News” | new to tell their prospects can take advantage | a tributyltin oxide to control microbiological 
is the most widely circulated medium of ite | of this column by writing the Editor. slime in pul; i paper y ported 


‘ 


“No. 1240 


kind in its field, It is regularly inserted in all 
leading U.S. chemical periodicals, and in addi Would You Like lo Get 
tion has substantial distribution by mail, . 
Chemical News” by Mail? | | 4 .,,ay-on sign cleaning “solute” | 


Combined circulation is over 320,000, 
If you would like to make sure you see SOMG 
ple t 


ive, 


Attracts Many Inquiries 
every issue of “Chemical News” or, if 
The high degree of interest in “Chemical you keep a permanent file of them, as sq. ft. clean " gc * No. 1242 
News” is reflected both in inquiries and in many readers do, ask to be put on the 2 : 
readership ratings, and last year it brought mailing list. Just write Editor, U.S.L. Another radioactive carbon-14 compound 
thousands of inquiries about the products and Chemical News. U.S. Industrial Chem- ah snif y and specif ‘ 
services mentioned in its columns. And it icals Co.. 99 Park Ave.. N. ¥. 16. N. Y. 
consistently gets the highest advertising read formation and tabolism aie is No. 1243 
ership ratings in publications where it appears. 


One reason for this sustained interest is | New Polyethylene Squeeze | upscies ectvates carbon solvent recovery sys 


@ SOLVENT NEWS A bind of ten been do 


Tube Keeps Original Shape ppear to in 
veloped Made of polyethylene, it looks just 


“No. 1244 
‘oo like the familiar collapsible metal tube, but 


xp 


Detergent concentration is constantly controlled 
era by 


snaps back to its original shape after being 

squeezed to dispense part of its contents. In 1 wide 

so doing, internal pressure is lowered and No. 1245 

excess material at the mouth of the tube is 

|" corn : sucked back inside. Advantages include less 


waste and no hardening or drying out of the 
tube contents, 


A2 re 


chemical activities of the corporation. lations are included, — Me. 1247 
Both Dr. Hulse and Mr. William P. Marsh 
Jr., U.S.L. Assistant General Manager and a | A selective flocculant for ore refiners 
Viee President of National Distillers, have | | pitate « ; ‘ 
been named Vice Presidents of the U.S.1. 
Division. w No. 1248 
Four other executives were appointed U.S.1. - . 
The first U.S.1. “blue sheet’’—June, 1932. vice presidents. They are: Robert 1. Cornwell, | A new beok on public relations for the atomic 
The name was later changed to ‘U.5S.!. who is in charge of production; Alden R. | industry is! ing kete t tom 
Chemical News" to reflect the expanding Ludlow, Jr., sales; Francis Olmsted, develo; on 
activities of the company ment; and Dr. Stuart Schott, research . hing the pul 


PRODUCTS OF U.S.1. 


No. 1249 


METALS Esters, Ethers and Ketones: Norma! Buty! Acetate, Dibuty! Phtholete, 
Diethy! Cerbonate, Diethy! Oxclote, Ethy! Acetote, Ethy! Ether, Acetone, 


Titanium Sponge Diato! 

Zirconium Sponge end Pletelets Intermediates and Fine Chemicals: Acetoocetorylides, Dimethy! Mydrazine, 

Hafnium Sponge and Oxide Ethy! Acetoacetote, Ethy! Benzoylecetate, Ethy! Chioroformote, Ethylene, 
Ethy! Chloride, Ethy! Sedium Oxolacetote, ISOSEBACIC Acid, 


OTHER PRODUCTS Methyl! Hydrazine, Sedium Ethylate Solution, Triethy! Aluminum, Tri 


inorganic Chemicals: Sodium, Chlorine, Caustic Sede, Sedium Peroxide, methy! Aluminum, Urethan USP (Ethy! Carbomote) 
Sedium Switote, Sulfuric Acid, Phosphatic Fertilizer Solution (Wet Animal feed Products: Coicium Pontothenocte, Choline Chloride Products, 
est Phosphoric Acid) Ammonia, Nitrogen Fertilizer Selvtions, Ammon Curboy 8-G® 80, Special Liquid Curbey®, Di-Methionine, Niacin USP, 
lum Nitrate, Riboflavin Concentrotes, Vitamin 6). and Antibiotic Feed Supplements, 

Alcohols: fEthy! (pure and all denatured formulas), Normal Buty! Amy!, Vecatone® 40, Vitamin D, and K, Products, Antitoxidant (BHT) Products, 
Fuse! Proprietary Denatured Alcohe! Solvents SOLOKH, FILMEXS, U.S.1. Permadry Products (Seaied-in Vitamin A), Special Mixes 
ANSOL® M, ANSOL® PR Pharmaceutical Products: Methionine, N-Acety! Di Methionine, Riboflovin 


PETROTHENE® Polyethylene Resins USP, Urethon USP, Intermediotes. 


U.S.1. SALES OFFICES 


Atlanta * Baltimore * Boston * Buffalo * Chicago * Cincinnati 
N USTRIAL CHEMICALS co. Cleveland * Dalias * Detroit * Houston * Indianapolis * Kansas City, Mo 
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TRADE MARK 


News from 
National Carbon Company 


Division of Union Carbide Corporation - 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, 
Pittsburgh, San Francisco. In CANADA: Union Carbide Canada Limited, Toronto 


30 East 42nd Street, New York 17, N.Y. 


PROCESS EQUIPMENT 
BRIEFS 


Extensive Corrosion Resistance 
Table on “KARBATE” Impervious 
Graphite Now Available 


A new guide to selection and use of 
“Karbate” impervious graphite and 
“National” resin base cements in over 
100 corrosive applications. 4-page 
booklet contains specific grade recom- 
mendations and information on field 
testing procedures. Request Catalog 
Section S-5050. 


NIAGARA FALLS DEVELOPMENT LABORATORY 


Maintaining its leadership in the 
broadening industrial use of carbon 
and graphite, National Carbon has ex- 
panded product development facilities 
at Niagara Falls, New York, to supple- 
ment new major research activities at 
Parma, Ohio. A large share of the 
expansion is devoted to development 
and evaluation of graphite anode ma- 
terials for the electrolytic production 
of chlorine-caustic, chlorates, sodium 
and magnesium. The test room shown 


of “KARBATE” Impervious Graphite 
Shell and Tube Heat Exchangers 


T T 
| Typical Prices of Standard Units 
| | | Based on, “Karbate” impervious Graphite Grade 22 Tube 
Bundle and Covers Single Poss Units Stee! Shel! 
" and Baffles Removable Tube Bundle and Full Floating 
| | | End Construction 


++ 


PRICE — DOLLARS PER SQUARE FOOT 


1.500 2 000 2,500 3,000 


HEAT TRANSFER SURFACE OUTSIDE TUBES — square reer 


and 16 ft. tube lengths, can be shipped 
in 3 to 5 weeks. Cut away view below 
demonstrates how sturdy, durable con- 
struction utilizes “Karbate” impervi- 
ous graphite’s corrosion resistance, 
immunity to thermal shock and free- 


New pricing charts on “Karbate” im- 
pervious graphite heat exchangers 
show their economy for all types of 
heat transfer involving corrosive fluids. 
Standard units assembled from stocked 
components, covering 16 shell sizes 


from 6” through 45” diameter and 
containing from 9 to 685 %” L.D. im- 
pervious graphite tubes in 6, 9, 12, 14 


dom from metallic contamination in 
corrosive service, For price and product 


data, request Catalog Section 5-6800, 


GASELTEO COVER 10 
TUBE SHEET JOW;TS 


COMPLETELY REMOVABLE 
“WARBATE” TUBE BUNDLE 


SHELL SIDE PACKING 
EASILY ACCESSIBLE 


INTERLEAKAGE BETWEEN 
TUBE AND SWELL SIDES 
IMPOSSIBLE 


swe STEEL SHELL STEEL BAFFLE 
ASSEMBLY 
j - | A 
_— 
> 
SUPPORT FOR HARBATE ~ 
FLOATING END HORIZONTAL IMPLRVIOUS FiKED ENO 
GRAPHITE TUBES 


NO LIMITATION ON OPERATION 


FLOATING COVER DESIGN 
View at right shows assem- 
bly and test facilities pro- 
ducing “Karbate” shell and 


below contains miniature electrolytic 
diaphragm-type chlorine cells used in 
laboratory performance tests on 
“National” graphite anodes. 


ELECTROLYTIC ANODE TEST ROOM 


tube heat exchangers. Units 
have “Karbate” impervious 
| graphite tube bundles and 
covers assembled in shells of 
steel or materials such as 
glass or rubber lined steel, 
“Haveg" phenolic resin, 
aluminum or impervious 
graphite. 


Jarionar 


The terms and “National”, and Shield Device are 
trade marks of Union Carbide Corporation 


ee Quick Reference Chart Covers Prices 

250 300 400 500 600 1,000 — 4,000 
National Carbon Expands Carbon 
| | 
@ 
4 


AVERAGING TEMPERATUR 
FIG. 2500 GAUGE HEAD TEMPERATURE 


SERVO. WRITER 


“VAREC” PULSE 
CODE RECEIVER 


If You're Automating”’ 
Compare Vovec PULSE CODE 


Varec’ PULSE CODE Telemetering can give you an accurate transmission 
system over unlimited distance for remote gauging of liquid level, tem- 
perature reading, and remote control of valves and pumps. A 
can be provided by an electric typewriter 


Here's why... 


printed record 


1. Varec’ PULSE CODE is a true digital system. It avoids the variations of 
reading caused by interpolation of analog systems 

2. Varec’ PULSE CODE and the pulse count systems are the only true digital 
systems. In the PULSE CODE system, pulses are arranged to code groups of numbers 
Each element of the code or each pulse has two possible conditions, or short and 
long (also called dot and dash) 

The pulse count system relies on transmitting, receiving and counting a number 
of pulses to represent intelligence. For example, to telemeter the number 10, ten 
pulses are transmitted and then “counted” by the receiver. The pulse count may 
send 10 pulses for 10, but due to variations in the power supply, receive and indicate 
only nine. Whereas, if “Varec’” PULSE CODE lost a pulse in transmission for any 
reason, the signal would make no sense to the receiver. So it refuses to provide any 
indication, which is better than indicating an error Same action would occur if an 


extra pulse were received 


“Varec” PULSE CODE provides immunity from errors caused 
by changes in signal during transmission. 


3. “Varec” PULSE CODE transmits a message in one-fifth of the time required 

by a pulse count system 

4. To prevent errors of as much as one foot during a gauging cycle, pulse count 

transmitter must be iocked up during gauging cycle to prevent a change in reading, 

thus the possibility of permanently locking the transmitter is present. No such 

gadgets are needed by “Varec’’ PULSE CODE because of the unique characteristics 

of the code. A signal can be transmitted while the transmitter is changing without 

errors being produced 

S. “Varec’’ PULSE CODE Telemetering System 1s based on good operational theory 
If you are planning a remote gauging and control system, you'll want the whole 
story. Send for “A Comparison of Current Telemetering Systems’: Li's free! 


THE VAPOR RECOVERY SYSTEMS COMPANY 


2820 North Alameda Street 
P.O. Drawer 231 
Compton, California 


CABLE ADDRESS 
VAREC COMPTON CALIFORNIA (USA) All Codes 961-21 
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Designing Process Plants 
Project Engineering of Process Plants, 
H. F. Rase and M. H. Barrow, Wiley, 
New Y ork, 692 P., $14.95 


4 well-annotated and full illustrated 
description of the techniques used by 
the process plant designer, this book 
hould find wide use as a guide to those 
who design and to those who aspire 
to be project engineers 

The book is divided into four parts 
corresponding to the main steps in the 
evolution of a process plant, begin 
ning with plant location and ending 
vith construction Part I, titled 
“Major Steps in Plant Design,” is 
110 pages in length and covers plant 
location, preliminary design data, pro 
é engineering, flow diagrams, plans 
scheduling, and design and drafting 

Part Il consists of a 52-page section 
on business and legal procedure. The 
material is further subdivided into dis 

ions Of procurement operations, 
procedure, and contractors 

Part IIT starts with a lengthy (207 
pages) compilation of descriptive in 
formation on standard processing 
equipment such as vessels, heat ex- 
changers, pumps, compressors, power 
drives, etc \ 20-page chapter on 
“Other Process Equipment” covers 
centrituges, cooling towers, crushers 
and grinders, classifiers, crystallizers, 
evaporators, filters, heaters and fur 
naces, materials handling, mixing and 
mixing equipment 

\ 78-page chapter on piping design 
stresses standard components and i 
cludes a tabulation of typical specifica 
tion [Typical forms and propertie 
of thermal insulation are summarized 
in a 24-page chapter 

The chapter on process instruments 
(47 pages) describes typical types and 
includes a three page table of instru 
ment applications Control systems are 
touched upon briefly. The remainder 
of the chapter deals with plant utili 
ties (40 pages), foundations and build 
ings (46 pages), and plant safety (17 
pages ) 

Part IV on construction occupies 
16 pages 

For those who want a convenient 
guide to project engineering and a 
elective compilation of typical infor 
mation, data, and specifications based 
on the authors’ experience as project 
engineers, this book should fill a useful 


need 


Carbon Tet Safety 
American Standard Maximum Accept 
able Concentration of Carbon Tetra 


(Continued on page 28) 
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Compacting 
Process. | it's mechanical 


it's economical 


, = start with a pile of practically worthle material 


and wind up with a profit! Magic? Well, hardly — unless 
il efficrency of the Allis- 


you want to call the mechani 


Chalmers Process System magn 


How It Works 


In a recent installation the conversion 
unacceptable minus 30 mesh chemical salt 


tarts with an un- 


usable 
fines created in the orginal process. An Allis-Chalmers 
» flake or labs 


compacting mill densifve these fine prite 
Flakes are granulated in an Allis-Chalmers roller mill 
Final separation is made in an Allis-Chalmers stainless 


steel gyratory screen. Result 70 to BO recovery of 


salable product. What's more the resulting granules 

equal or surpass the natural product in every respect 
The entire system ts mechanical; therefore, it's more 

stal growth 


economical than controlled cry 


For More Information 
Get the complete story from your A-C representative 
or write Allis-Chalmers, Industrial Equipment Division, 
Milwaukee 1, Wisconsin. Ask for Bulletin 25C6177d 


y 


A5345 


27 
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Merchen Scale Feeders biending salt ana trace 
minerals at Carey Sait Co., Hutchinson, Kansas 


MERCHEN SCALE FEEDERS 
offer continuous dry blending 
by weight 


The Carey Salt Company produces salt blocks for cattle that con- 
tain a percent blend by weight of nutritional minerals. W&T Merchen 
Scale Feeders were selected for the blending operation. 

If accurate blending of dry, free flowing materials is important 
to your production, Merchen Scale Feeders offer feed rates from 3 
ounces to 3000 pounds per minute, always maintaining accuracy within 
1% of the feed rate. The feeders compensate for changes in material 
density to maintain a constant feed by weight. 

Where a number of ingredients must be blended, Merchen 
Feeders can be electrically or pneumatically controlled from other plant 
equipment for automatic operation. Send for our free booklet M-33, 
“The Best Weigh is the Merchen Way.” 


WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9. NEW JERSEY 


CHLORINATORS and CHEMICAL FEEDERS 


for ® slime elimination 
© water treatment and purification 
© industrial waste and sewage treatment 
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WALLACE & TIERNAN INCORPORATED 


as MAIN STREET. BGELLEVILLE 8. NEW JERGEY 
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Marginal notes 


(Continued from page 26) 


chloride, Z37.17-1957, American Stand 
ard Association 70 East borty kifth 
Street, New York, fifty cents 


Purpose of the standard is to “pre 
scribe the maximum acceptable concen 
tration of carbon tetrachloride in the 
atmosphere of work places for guid 
ance in design and operation so as to 
protect the health of workers.” As in 
the case of other standards published 
by the American Standards Associa 
tion, this brochure is considered to be 
a guide toward good hygiene and is 
not intended as a legal requirement 

Covered in detail are general, physi 
cal-chemical, and toxic properties of 
carbon tetrachloride, recommended a 
ceptable concentration, and sampling 
procedures and analytical method 

An exhaustive bibliography lists spe 
cific and general reference 


W.H 


Low Temperature Proceedings 
Proceedings of the 1956 Cryogeni 
iengineering Conference, Chemical 
Engineering Department, Univ. of 
Colo., Boulder, Colo., 368 p., $2.00 
Contains summary or entire text of 

torty-nine papers presente d at the con- 

ference. Subjects include: hydrogen 
liquefaction, catalysis of ortho-para 
hydrogen, distillation of hydrogen iso- 
topes, freeze-out purification, oxygen 
and hydrogen storage dewars, mechan 
ical properties, thermal properties 
magnetic properties, insulation proper 
ties of powders and foams, gas chroma 
tography, design of airborne cryogenic 
equipment, refrigeration machines, ex 
pansion engines and impulse turbines 
liquefied gas transfer, and bubble 
chambers 

Since most of these papers will not 
appear elsewhere in the literature, the 
l’roceedings should be a valuable refer 
ence for future cryogenic engineering 


work 


All About Yeast 


)east—Its Characteristics, Growth, and 
Function m Baked Products—-a Sym 
postum. Department of the Army, Ke 
search and Development Command 

Quartermaster Food and Container In 
stitute for the Armed Force be dited 
by C. S. McWilliams and M. S. Peter 


son (1957), 120 p 

This symposium, held at 
House, Chicago, Illinois, Jur e 2 
covered the background ind 
principles of active dry yeast, its fun 
tion in baked product including its 
effects on bread flavor, and also prob 
lems of production 


| 
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Polyvinyl! chloride resin plant of Firestone Tire & Rubber Co., designed and constructed by Blaw-Knox engineers 


Blaw-Knox 
has been building 


Polyvinyl acetate plant designed ond built by Blaw-Knox for National vinyl resin plants 


Storch Products Inc.—later doubled in capacity by Blaw-Knox 


for over 10 years 


Blaw-Knox is a pioneer in the design, engineer- 
ing, and construction of complete plants for the 
resins and plastics industry. Included are new in- 
stallations and expansion of existing facilities for 
both polymer and copolymer production. This 
extensive experience and accumulated techni- 
cal “know-how” is available to you. We invite 


you to discuss your plans with our engineers. 
Vinyl chloride monomer and polymer plant built for Glenn |. Martin 
Company and subsequently expanded for U. S. Rubber Company 


x BLAW-KNOX COMPANY 


Chemical Plants Division «+ Pittsburgh 22, Pennsylvania Chicago 1, Illinois 
Birmingham New York Philadelphia San Francisco * Washington, 
Designers, engineers and builders of plants for production of Alkyd Resins * Amino Hesins * Epon Resins « Ol 
Bodying * Phenol Resina ¢ Silicone Kesins * Synthetic Rubber ¢ Vinyl Polymers and Copolymerm * Polyesters 
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Only Thayer Scales have the Thayer Plate Leverage System 
that is guaranteed accurate for the life of the scale. 


Flooding powders, and even water, 
can be positively controlled and 
accurately batched or filled into 
containers with this Thayer Scale 
Autoweightion System, Remote 
controls permit quick changes of 
materials and weight settings. 
Amazing accuracy is retained 
regardless of shocks or sur- 
rounding dust conditions. 
Please write for engineering 
data. 


MODEL 8-368 Models available 
for batches from 5 to 5,000 Ibs. 


About our authors 


Alvin M. Weinberg, who writes 
on the Aircraft Reactor Experiment 
(ARE) at Oak Ridge, is Director of 
the Oak Ridge National Laboratory 


| and has a long record as an outstand- 


ing nuclear scientist 

Another author on a major nuclear 
topic in this issue of CEP is Edward 
L. Anderson, Assistant Chief, Chem- 
ical Engineering, Division of Reactor 


Development, AIC, who is responsible 
for overall direction and coordina- 
tion of the Commission’s research and 

~ development in fuel reprocessing tech- 
nology. His description of the con- 
ceptual multipurpose chemical proc- 
essing plant is of widespread signifi 
cance to the chemical industry, as was 
reported in the News Section of CEP 
last month (p. 64). The exact form 
that the plant will take, who will 
build it—government or private firm 
and what will happen to the radio- 
isotopes separated out by the process 

: ing are all factors of industry con 

templation 

Frank E. Pavlis (Air Products, 

x Inc.), writes an introduction to the 
subject theme of this month’s Special 

Feature: Low Temperature Process 

a ing. Pavlis tells CEP When I en 
) tered the low temperature processing 
ty: field in 1939, I found that the industry 


was divided into quite separate ele- 
ments. Much of the low temperature 
equipment was fabricated in Germany 
or France and followed power plant 
prototypes and mechanical engineering 
viewpoints. The shuttle system of 
transportation between producer and 
consumer used up more capital than 
did the process equipment itself ‘ One 
of the founders of Air Products, Inc. 
(in 1940), Pavlis plunged into the 
design and fabrication of small oxvgen 
producing air separation plants. Now, 
17 years later, Pavlis says he is per- 
sonally concerned with technical, sales, 
and financial matters as his major 
activities 

R. J. Corrucceini is in charge of re 
search on properties of materials at 
the Boulder, Colorado Cryogenics En 
gineering Laboratory of the National 
tureau of Standards. In his presenta 
tion of those properties of materials 
at extremely low temperatures which 


(Continued on page 32) 


a BATCHING + FILLING + CHECKING — AUTOMATICALLY BY WEIGHT 
AUTOWEIGHTION 
7 
THE THAYER SCALE CORP., 13 Thayer Park, Pembroke, Mass. elas Pavlis Corrveciai 
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For wide uses from nylon mold dip- Beth-Tec systems are a molten salt mixture 


ping bath to cooling exothermic (duPont's HI-TEC) which melts at 280°PF. 
catalytic reactor, use Model FH fuel The salt has NO vapor pressure, is non-toxic, 
heated-bath type. (May also have non-corrosive, non-fouling, chemically sta- 
circulating pump and/or external salt ; , 

cooler.) Available in duties from tte and inex ne 

10,000 to 10,000,000 Btu/hr We have the complete information on metals, 


heat transfer properties, fluid flow, piping 
and insulation to apply molten salt to your 


high temperature processing needs. 
Write for folder. 


For small scale and laboratory opera- 
tions—heating or cooling use 
MODEL EH electrically heated, with 
circulating pump. (May also have ex- 
ternal salt cooler). Laboratory units 
available in standard designs for 
duties from 10,000 to 250,000 Btu/hr. 


BETH-TEC 
SYSTEM 


For endothermic plant scale pro- 
cessing use MODEL BT fuel 
heated circulating pump. A vailable 
in standard designs for duties 
from 500,000 to 7,000,000 Btu/hr 


(600"- /000" 7). 


BETHLEHEM FOUNDRY & MACHINE co. 
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or wet 
sensitive 

or 

unstable 
materials 
that must 
be dried 
slowly and 
with utmost 


care 


TO DO THE JOB! 


Sargent builds these dryers with any number of trays; single or multiple 
stacked; one or more deep; for highly varied drying speeds and material loads. 


The dryer above, for example, is in- 
stalled in a processing 
plant. Another SARGENT design, for 
wet powdered and unstable materials, has 
40 trays, 10 high, double stacked, 2 
trays deep. The interior of this 
dryer-evaporator fan, 
housing, inlet vanes, baffles, exhaust ports, 


cotton-seed oil 


entire 
(including — trays, 
etc.) is of a special type stainless steel 
Air and baffles distribute an 


even air flow across every tray. Guaran- 


splitters 


teed performance: a minimum of 100 
Ibs. water removed from a 200 Ib. charge 
in 8 hours at 60° C. 


SARGENT dryers are designed with prod- 
uct protection paramount. Every dryer, 
every new product, is “proven out” in 
Sargent’s own expertly staffed Drying 
Research Laboratory, for your protection. 
Unusually rugged construction, economy 
and dependable guaranteed performance 
are Sargent standards. 


There's a SARGENT dryer to do the job for the process industries — conveyor 
or tray; pole or tunnel; stationary or rotary. High speed or low, heavy capacity 
or light; continuous or batch methods. All Sargent-designed for the specific 


job. For more details, write 


C. G. SARGENT’S SONS CORPORATION 


PHILADELPHIA 19 E. Wasson, $19 Murdock Road 
CINCINNATI 18 — A. L. Merrifield, 730 Brooks Avenue 
CHARLOTTE, N.C. — W. S. Anderson, Carolina Specialty Co. 
ATLANTA, GA. — J. BR. Angel, Mortgage Guarantee Building 
TORONTO I, CAN. — Hugh Williams & Co., 27 Wellington St. East 
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will be of major 


} 


chemical engineers, Corruccini e> 


plains that he attempted not only to 
provide direct design data, but to en 


deavor to go into the “why” so as 
to enable the reader to extr ipolate is 
necessary 


L. A. Wenzel is A 


sor in the Department of 


ociate Profe 
Chemical 
Engineering at Lehigh University. A 
consultant in the field of low tempera 
ture for the past 
“One of the 
been in the design of d 
umns.” This has led to the work re 
ported on in this issue which Wenzel 


five year he 


istent problems has 


pers 


tillation col 


sentative of current en 


He has tried to 


feel 1s 
yinecerinyg 


out 


practice 


pomt the large areas where thx 


eclucated 


rely on 
factor He 


design engineer must 


eouesses and large satety 
that this 


attention to the 


hope may aid in dire 
need for research 
this area 

Norman C. Updegraff is head of 
process development for the Grurdler 
experienced in 
field 


when one of its 


Company. Girdler 1 
the 


as tar 


low temperature 
back as 1929, 
subsidiaries, the Helium Company; un 
dertook the 
per cent helium content from a natural 
yas Phatcher 
Also present was 15 per cent carbon 
the 


processing 


separation of the eight 


stream at Colorado 


dioxide removal of which was 


necessary to avoid treeze ups im 


used 


also 
the 
for isolating the pure helium 
of this, 


low temperature equipment 


tecause 


a new process was needed, 


and triethanolamine was tested with 


successful results. The process devel 
oped from its use came to be known 
Girbotol Norm 
for several years with Du Pont before 


After 


in the development and design of proc 


as the process was 


Girdler long service 


joining 


esses, he has more recently been en 


gaged in sales engineering 
M. S. 
Engineering staff at the University of 


His 


with 


Peters is on the Chemical 


Illinois interests have 
to do 


mechanisms. 


primary 
kinetics and 


tudying 


research in 
He is presently 
aldehyde and nitrogen oxide reaction 
under a National 
grant. He 
field of designing, 
operation of a plant for production of 


Science Foundation 
worked at one time in the 


construction, and 


(Continued on page 34) 
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Wenzel Updegraft Peters 


d THERE'S A 

tray Dever 
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This Sweco-built refinery addition 
helped an Indiana plant pull from 
behind to a front position in the race 
to upgrade gasoline. 


High Octane Package 
Handled with Cure 


Like many refineries, the Mt. Vernon plant of the 
Indiana Farm Bureau Association was caught with its 
rating down when the latest high octane race started 
That was before Sweco wrapped up a $1,500,000 refinery 
package that included a 3,000 BPSD platformer, a 2,100 
BPSD unifiner, and a new steam generating plant with 
an hourly capacity of 120,000 Ib. of high-pressure steam 


Off and running 

The platformer-unifiner team went on stream in Novem 
ber, 1956, and has been in continuous operation ever 
since. This combination unit, built under license from 
Universal Oil Products Company, makes Mt. Vernon a 
front runner in today's race to upgrade gasoline 

In planning the steam generating plant, Sweco engi 
neers decided to save time by specifying the equipment 
and letting bids for fabrication. But outsiders couldn't 
meet the cost estimates or contract, so Sweco built the 
pressure vessels in its Los Angeles plant. They were de 
livered three days ahead of schedule. 


Problems in stride 

Heavy spring washouts and a tight budget were just 
some of the problems the Sweco engineering and con 
struction crews took in stride. Designing and building 
moderate-size refinery installations is their specialty 

This is the kind of service, the extra service Swreco 
clients in the process industries expect. Large or small, at 
home or abroad, it’s the only kind they get in the 
engineering and construction of refineries (Sweeo is li 
censed to build plants for practically all major refining 
processes), Chemical plants and ore beneficiating mills 
in the design and manufacture of process equipment such 
as heat exchangers, steam jet ejectors and distillation 
columns in a full line of vibrating screen separators 

Write today for our new brochure on how Sweco prod 
ucts and services can help meet your processing needs 


Ask for brochure E-2-29 
it Southwestern 


Engineering 
SWECO Company 


4800 Santa Fe Ave., Los Angeles 54, Calif 


About our authors 
(Continued from page 32) 


pentaerythritol, the subject of his cur 
Most any size or shape of special process- rent CEP article 
ing equipment can be lined or covered 
with quality Ace hard or soft rubber . . . 
for meticulous protection against corro- 
sion, to resist abrasive wear, on to pro- 
vide electrical insulation. Ask for recom- 
mendations. 


Donald Kallman is a member of Bab 
cock and Wilcox Company's Atomic 
Energy Division and is head of the 
Market Research Department. A chem 
ical engineer from Yale, he received 
his nuclear education at AEC’s Liver 


‘ 


more, California laboratory 

M. F. Nagiev is a professor in the 
Petroleum Institute of the Academy 
of Sciences, Azerbaidjan SSR. His 
paper in this issue was produced in 
connection with the first International 
Congress on Catalysis held last Fall 
in Philadelphia 

Chemical engineer Frank J. Soday, 
active vice-president of Chemstrand, 


CORROSION 


is experienced in both research and 
development and administration on the 
top level in the fields of plastics and 
synthetics. He was technical director 
of Copolymer Corporation (govern 
There's an Acs hard rubber, rubber- , ment eyuthetic rubber plant ) during 
lined, or plastic-lined valve for ) the war, and in charge of the group 
every corrosion application. Sizes 
from 2” to 24”. Diaphragm, 
gate and check types. 
Free Bulletin CE-52 lists or "ce Ww, y 4 Soday has also published extensively 
not only in the chemical field, but also 


which developed the first successful 
civilian gas mask for the WPB. Ac 
tive in A.I.Ch.E. local section work, 


chemicals that can be 
handled. in the fields of archeology and an 


thropology. 
W. E. Gifford, experienced in 
helium and hydrogen liquefier design 
and analysis, is with the Advanced 
Research Division of Arthur D. Little 
[rained in mechanical engineering and 
physics, he has worked with the AEC, 
where he originated a new concept for 
reactor safety devices. He now con 
siders himself a “cryogenic engineer,’ 
dealing principally in problems of heat 


ACE-HIDE transfer and thermodynamics, and 


ACID PAIL 


therefore somewhere in between the 
mechanical and chemical engineering 
FOR HIGH PRESSURES Practically indestructible — 
Henry B. Lange, who has contrib 
uted this issue's article on the applica 
Its made of a new rubber-plastic material —tjoy) of statistical methods to the corre 
that’s tough, resilient, suitable for han- — jarjon, of laboratory and plant opera 
dling most acids and alkalis. 3-gal. size. tions is an associate chemical eng! 
Easy-pour, drip-proof spout. Also 1-qt. te tie of 
and 2-qt. dippers, hard rubber bottles, With Merck 
ete. Write for name of nearest dealer. 


OR BIG PIPE LINES 


Ace Rubber-Lined Steel . . . strength 
and pressures of steel plus chemical re- 
sistance of hard rubber. Excellent for 
alkalis, most inorganic acids, many or- 
ganic acids, all salts, bleaches, Sizes 14” 
to 24” and up. Bulletin CE-52, 


SIX 


years, Lange was previously for two 
vears with the Army Medical Cente 


where he 


hecame interested in the mathematical 


spec ts of chemical engineering 


® / AMERICAN HARD RUBBER COMPANY 
93 WORTH STREET »- NEW YORK 13, WN. Y. Kellman 


ACE processing equipment of rubber and plastics 
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Chempump aids research program 


handling sulfate liquor 
at St. Regis Paper Co. 


Hot, black sulfate liquor is pumped into experi- 
mental digesters by this Chempump at St. Regis Paper 
Company's plant at Tacoma, Washington. Unlike 
conventional pumps, the Chempump is leakproof and 
virtually maintenance free . . . features that eliminate 
downtime and help speed the company’s research 
program. 

This Chempump can't leak, for it is a totally enclosed 


unit —no seals, no stuffing box, no packing. External 


lubrication is never required, as bearings are con 


Chempump combines pump 
and motor in a single, leak 
proof unit. No shaft sealing 
device required 


U.L. approved. Available in 
a wide choice of materials 
and head-capacity ranges for 
handling fluids at tempera 
tures to 1000 F. and pres 
sures to 5000 pai 


stantly lubricated by the pumped fluid itself. Ex 
tremely compact, the Chempump mounts right in the 


pipeline. 


Where you require dependable, leakproof pumping, 
put a Chempump on the job. You'll profit consider 
ably from its many advantages. For details concern 
ing your specific application, write to Chempump 
Corporation, 1300 E. Mermaid Lane, Philadelphia 18, 
Pa. Engineering representatives in over 30 principal 


cities in the United States and Canada 


First in the field...process proved 
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Inconel and stainless heat exchanger built for Barrett Division, Allied Chemical & Dye Corporation. Shell Diameter: 
40”. Tube Length: 12’ 0’. Tubes: 1 O.D. x 14 ga. Tube Sheet Thickness: 2’. Materials: Inconel shell, tubes, tube 


sheets. Stainless steel heads, Type 316L. 


Stainless steel plus nickel alloy equals 
corrosion-resistant heat exchanger by Downingtown 


Aluminum bronze for these five coolers saved the customer 
25% on equipment costs, assured corrosion resistance. Each 
fixed tube sheet unit is 20" in diameter x 20’ tube length. Each 
has 282 aluminum bronze tubes %'' O.D. x 12 ga. Centrif- 
ugally cast channels. Design pressure: 150 p.s.i. on both shell 
and tube sides. 


Corrosion-resistant materials a heat 
exchanger specialty at Downingtown 


We have the engineering, welding and fabri- 


Stainless steel Type 304 is the material for these four tube 
bundles. The large one fits a 437" shell, has 1225 stainless tubes, 
4" O.D. x 14'0” long. Tube sheet: 2%" thick. Baffles: “ie"’ thick. 
The other three bundles are 22" in diameter; each contains 452 
tubes 4" O.D. x 16 ga. x 120" long. Tube sheets: 154"' thick. 
Baffles: \4"' thick. All stainless steel. 


Downingtown Iron Works, Inc. 


cating experience to turn out your corrosion- 106 Wallace Ave., Downingtown, Pennsylvania 


resistant exchangers in the materials you specify: 


stainless, nickel, nickel alloy, aluminum bronze, division of PRESSED STEEL TANK COMPANY Miwoukee 


carbon and many others. Our design recom- 


Branch offices in principal cities 


mendations often save money. Send for Bulletin MEAT EXCHANGERS—STEEL AND ALLOY PLATE FABRICATION 


HE. Your engineers will find it useful. 


CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 
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The big research push today is in new ma 
terials oriented toward what is romantically 
called the “jet age Much of the work ts being 
done in inorganic chemistry, a field that is still 
incompletely explored and which more and more 
shows indications of important new horizons 
ahead 

Foremost both in the public eye and in the 
eyes of scientists and engineers are what ar 
called “exotic” fuels designed for rockets, guided 
missiles, and supersonic planes. [hese are made 
chiefly from compounds of boron and lithium, 
with the main emphasis on boron. The com 
pounds being made and studied are compara 
tively new and therefore extremely expensive 
As a result, most of the work on these tuels is 
being sponsored by the Armed Forces, Looking 
into the far future, however, it is not impossible 
ol the new materials may become 
used in commercaal au 


that some 
che ap enough to be 
planes or even in new types of automobile en 


gines, cither directly or as additives for gasoline. 


Boron Compounds 

Borax production is around 900,000 pounds 
yearly, which is three times the output of only 
ten years ago 

While the exotic boron high energy fuels are 
commanding most of the interest at present and 
will probably be the first of the new boron com 
pounds to go into large production because of 
plants being built under military auspices, other 
extremely intere Sting new derivatives are be ing 
agvressively studied 

Possible important new 
fibers, in new metal alloys, and in entirely new 
plastics, especially in combination with phos 
Since boron stops neutrons from a nu 


areas are in glass 


phorus 
clear reactor and is used in control rods, it has 
been suggested that some of the new boron 
plastics, sull in embryo stages, might be used as 
a lightweight shield in an atomic powered air 
plane sesides the study of boron and phos 
phorus compounds, combinations of boron with 
sulfur, fluorine, and other elements, including 
organic materials, are being explored 

The work on fuels, while widely discussed in 
generalities, has been kept under security wraps 
as far as details go until lately. Fuel materials are 
produced in one method by lithium 
hydride with boron trifluoride to yield diborane 
and a series of other boron derivatives including 
pentaborane and decaborane. Diborane pro 
duces as much as 32,000 Btu per pound, the 
pentaborane and tetraborane somewhat less 
40,000 Btu per pound. Another starting material 
for fuels is borane trichloride, which now can be 
made by a new process adaptable to large scale 


reacting 


production 
It is interesting to note that this whole new 


BORON COMPOUNDS AND 
trends / THE CHEMICAL INDUSTRY 


field, with its startling long range possibilities, 
is not the province of the wellknown giant chem 
ical companies which took the lead and more or 
less dominated the organic field of coal tar and 
petroleum chemistry responsible for most of the 
growth of the industry over the past gencration 


boron fuel 


The only large company in the 
Olin is 


field is Olin Mathieson Chemical Corp 
now building a $36 million plant at Model City, 
N. Y., to make the new fuels for the Air Force 
Callery Chemical Co. is building a $38 million 
plant at Muscogee, Okla. for the Navy Both 
plants will make fuels derived trom boron, 
lithium, and fluorine, Callery is owned 75 pet 
cent by a comparatively small firm, Mine Satety 
Appliances, and 25 per cent by large Gulf Oil Co 

Olin“*has never been in the lithium or boron 
business and has no reserves of raw materials, 
but became interested first because of its produc 
tion of hydrazine (which has possibilities as a 
rocket fuel), and then through its acquisition 
of holdings in two small pioneering rocket motor 
firms. It acquires its raw materials for its tuels 
from others 

But probably the most important research 
work, outside of universities and research insti 
tutes which have government contracts, is being 
done in the laboratories of those firms that have 
a direct interest in boron and lithium 


Firstest with the Mostest 


With the commissioning of nearly $75 million 
in new plants for the Armed Forces, the business 
of exotic fuels, after years of test tube work and 
secrecy, now seems to be really on the road. It 


should stimulate commercial developments by 


the firms basically in the 
receiving contracts lor raw materials for the new 


business, who are also 


fuels 

Rated as the 
serves in this country is U.S 
which is controlled by the 
Borax is preparing for 


largest owner of borax ore re 
Borax & Chemical 


British Borax 


( orp., 
(Holdings) Ltd S 
the comimg mcreasing ol boron by 
spending $20 million on modernization of its 
mining facilities 

American Potash & Chemical Corp., Searles 
Lake, Calif., is rated as the second largest borax 
producer. It is also an important producer ol 
lithium and has been conducting aggressive r 
search into new compounds in both telds 

Next in holdings of ore is Stauffer Chemical 
Co., which got into boron chemicals partly be 
cause of this and partly because of its already 
accomplishments in the field of metal 
Stauffer is expected to 


solid 
chlorides and fluorides 
be a major supplier of raw materials to Olin and 
perhaps to Callery and is now engaged im ©%X 
panding its plant capacity to make fuel raw 


materials by a new process 


| 

| 
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How the whole stainless 

family works to 
increase chemical 

processing profits 


Because stainless is actually a large family of 
metals, it is important to choose the right one for 
best results. If corrosion problems exist along 
with high temperatures, for example, it would be 
well to discuss with your Crucible representative 
the possibility of using a stabilized grade of 
Rezistal stainless like type 318, 321, or 347. Again, 
although Rezistal type 304 is used extensively in 
heat exchangers for processes where organic 
acids, esters, and aldehydes are handled, type 316 
may sometimes be a better choice. If extremely 
high temperatures and pressures are required, as 
in hydrogenation of high sulfur coal, type 446 
might be considered for its excellent resistance 
to sulfidation. 

Stainless offers a unique set of advantages that no 
other alloy displays. It is exceptionally resistant to 
most forms of corrosion. And it’s ductile, strong, 
rigid... permitting equipment to take bumping, 
jarring, shock, rigorous cleaning procedures... 
takes temperature changes in stride. 

With its general corrosion resistance and ease of 
cleaning, stainless also enables one unit in many 
cases to process a variety of chemicals. This added 
versatility reduces the equipment’s idle time, 
makes it more productive, lowers costs. 


Crucible maintains a “Customer’s Corrosion 
Laboratory” in which metallurgists and chemical 
engineers cooperate to study actual corrosion 
problems encountered in plants throughout the 
country. They are investigating, among other 
things, the effects of different joint conditions, 
various types of stainless, and the effects of highly 
corrosive media. Very possibly they have the 
answers to the problems you are faced with. 
Consider the advantages of stainless for your 
processing applications. And call in a Crucible 
stainless engineer. He can help you make the best, 
most profitable use of the stainless family. 
Crucible Steel ¢ ‘ompany of America, 

Oliver Building, Mellon Square, 

Pittsburgh 22, Pa. 

Write for a free copy of “Making the Most of 

Stainless Steels in the Chemical Process 

Industries”. It's 44 pages of useful data 


Crucible Steel Company of America 


Conadian Distributor — Railway & Power Engineering Corp., Lid. 
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| 
a CRUCIBLE first name in special purpose steels 
: 


opinion 
and 
comment 


ERA OF SOURCES 


he sources of information important to chemical engineers are today 
varied and dispersed. In many of the exciting frontier areas chem 
ical engineers are of course leaders or major participants, Yet, it 
should not be overlooked that in some of these fields, information 
significant to processing is being developed by others who, unless care 
undelayed transmission of certain 


is taken, may not sec the need tor 
findings to the members of this profession 

Because of deltense interests, considerable strides are being taken 
which entail both the practical and fundamental, in those fields 
having to do with properties of matter in both ultra high and ultra 
low (sub-earth) regions of temperature, in applications where thaids 
are caused to flow past surfaces at higher velocities than one normally 
considers possible, where combustion reactions are being analyzed in 
slow-motion and with such acuity as to permit stepwise tracing of life 
cycles of reaction products, and the exploration of reaction stability 
effects of by-product sound. In such fields, heat is being generated 
at higher rates, transferred at higher rates. Equipment is olten too 
thin, too light to withstand the conditions it does withstand because 


ol the periods involved. Conventionally-excited molecule impelled 
into new dance rhythms by fission radiations, deliver better ethorencies 
and, sometimes, new products Bridec” hydrogens, which connect 


to combustion reactions which 


pats ol boron atoms, cnergy 
can send ow planes further, give promise ol the creation of ¢ 
new compound possibilities including an inorgamic plastu 
compoundings ol materials appearing to withstand corrosion as good 
as the corresponding old offer hope tor relief from critical tre-ups 
the customaries into unavailable 


New 


when our delense needs divert 
channels. Electronic descendents of the abacus are being harnessed into 
what will provide the methods and experience that may revolutionize 


OUr Processes with a profound eflect on man's standard of living 


Control systems for our most comple x planes and clusive mussiles 
yielding simplified interpretations applicable to our processe 
Further, in areas less immediately related to military considerations, 


forces counter to the creativity of individuals when they group together 


as committees are beine ferreted out imto the open where ellective 
Decision-making 1s 


countermeasures are being devised and taught 


being given new scientific and mathematical assistance, and advances 


are being made in effecting decisions once they are mack 


It would seem that the chemical engineer faces an cra profound 


in its potential for the demonstration of his abilities. It would also 
At open mind, 


scem that with so much going on in so many place 
a trained alertness, and a roving eye would be good equipment for 


dealing with this kind of situation 
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In the pages of this Painting Manual are data every 
maintenance engineer will want to have when faced with 


problems involving protective coatings. 


How to save time and money in surface preparation, how to 
secure good adhesion with vinyl-based top coatings; how 
many top coats to provide effective protection against 

a given corrosive; Common spraying problems and how 

to remedy them. 

Primarily, of course, the Manual deals with the Tygon series 
of protective coatings—the protective coatings developed 
specifically to meet severe corrosion problems 


CHEMICAL Detailed data on the characteristics of the various Tygon 
complete tables of 


coatings; where and how to use them 
chemicals to which the coatings are resistant. these and 


ENGINEERS other helpful data are yours in this free manual. 


Plastics & Synthetics Division 


Write for it today. ity oa 
UY. S. STONEWARE 


Tygon Painting Manval. 
AKRON 9, OHIO 
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TO FURTHER YOUR INTEREST IN LOW 
TEMPERATURE PROCESSING 


The 1957 Cryogenic Engineering Con- 
ference will be held August 19-2! at 
Boulder, Colorado. For further infor 
mation, see listing under Future Meet 
ings, page 90 of this issue. Also, an 
other symposium on the basics of low 
temperature processing, plus 4 sym 
posium on low temperature air plant 
safety, will be featured at the Septem 
ber Baltimore meeting (see page 86 


A 500-liter experimental Dewor 

for liquid hydrogen (left) and 

liquid hydrogen pump (right 

at the Boulder, Colorado, 

Cryogenic Engineering Laboratory 

of the National Bureau of Standards 


THE CHEMICAL ENGINEER IN GENERATION 


AND USE OF LOW TEMPERATURES 


The chemical engineer should be more interested in the 
low temperature properties of matter, and through this 
interest can make a unique contribution to modern tech- 
nology by an increased participation in the effort to 
utilize these properties for new and better purposes. 


Frank E Pai lis | Air Products, Inc., Allentown, Pennsylvania 
| industrial low temperature range 
starts with the temperature of liquid 
helium itn \ 350) to 


itely 
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PROPERTIES OF MATERIALS 


AT 


LOW ‘TEMPERATURES 


(PART 1) 


This review summarizes the knowledge acquired from work 
at the Boulder Laboratory on low-temperature data, organ- 
ized and interpreted in the light of theory, and shows how 
useful estimation procedures may sometimes be derived 
from theory to fill gaps in the available data. Parts 2 
and 3 will follow in the July and August issues. 


R. J. Corrucein 


ince the first attainment of very low 
Ss temperatures around the turn of the 
century, physicists have found this re 
wion to be a fruitful source of unusual 
effects that manifest themselves only 
when the thermal excitations due to 
temperature are reduced to low valu 

uperconductivity and the superfluidity 
ot helium are probably the most strik 
ingg Of these, but the transport of elec 
tricity and heat in solid paramagnet 
ism, and the heat capacities of solid 
pose ditheult problems and continue to 
hold the attention of both experimen 
To the engi 


neer, these effect a well a the 


talist ind theoretician 


ubstances chosen to display them may 
ippear exoty Neverthele ome ot 
them are sources of useful generaliza 
tions which may be applied to the pre 
diction of the properties of engineering 
materials and which are given a special 


value by the seareity of low-tempera 


An 840.liter air transportable dewar for liquid 
hydrogen developed by the Cryogenic Engi 


neering Laboratory, Boulder, Colorado 


"We ‘ 


it 
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Cryogenic Engineering Laboratory 
National Bureau of Standards 
Boulder, Colorado 


ture experimental data on such mate- 
rials 

The fields to be considered here are 
(1) heat capacities, (2) thermal ex- 
pansion, (3) thermal conductivities, 
(4) thermal insulations, and (5) me 
chanical properti The emphasis will 
he on materials of construction and 
consequently, only solid properties will 


he con icle red llowever some ot the 


conclusions in the first three sections 
will be ipplu able to proces chemi als 
in the solid state The author ha 


freely used ecgs,. or British units ac 
cording to whichever were predomi 
nant in the source literature 


Heat Capacities 


There is a wealth of heat-capacity 
data (J, 2, 3) on elements and simple 
compounds due to the usefulne of 
uch data on chemical thermodynamic 

ind in elucidation of atomic, molecular, 


ind’ crystalline structure. The field of 


chemical thermodynamic that is, the 
thermodynamic treatment of chemical 
equilibria, will be excluded arbitrarily 
from this review since it is extensive 
and is covered by numerous textbooks 
and compilations, and the discussion 
will be limited to the heat capacities of 


materials of construction such as might 
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be required for heat-balance calcula 
tions. 

A heat-capacity curve of the general 
shape shown in Figure 1 is character- 
istic of simple relatively isotropic crys- 
talline solids. The broad features con- 
sisting of a high-temperature limit, a 
rapid decrease setting in as the tempet 
ature is lowered, and a final approach 
to zero at the absolute zero of tem- 
perature are characteristic of a quan- 
tum oscillator. For N such oscillators 
acting independently, where N is Avo 
gadro’s number, the atomic heat ca- 


pacity 1s 


3RE ) (1) 
] 


where @, is a constant of the oscillator, 
k is the universal gas constant, and 
E-(@,/T) is the Einstein function as 
defined by the equation. 

The Einstein function shows the de 
sired general temperature variation, 
and the factor 3K in Equation (1), be 
ing the limit approached at high tem 
peratures where approaches 
unity, correctly approximates the Du 
long and Petit universal heat capacity 
of about ecal./(¢ atom K 


Neverthele the Einstein function 
does not fit in detail actual heat capac 
itie the reason being that a solid is 
effectively a large number of coupled 
Einsteinian oscillators with various 6 
values, i.e., frequencies, the distribution 
depending on the lattice type and the 
interatomic forces. The accurate deri 
vation of this distribution is laborious 
(4), but fortunately the 


relatively insensitive to the form of the 


pecihe heat 1s 


distribution, and the simple parabolic 
Debve il 


though now known to be far from rep 


distribution assumed by 
resentative—neverthele results in a 
satisiactory representation tor engi 
neering purposes ot the pecihre heat 
data on most monatomic solid This 
distribution results in the Debye func 
tion D(0,)/T), defined by 


The Debye function, like any other 
based on summation of Einstein func 
tions, shows the same ral shape 
as the Einstein function including the 
monotonic decrease with falling tem 
perature. Tables of 3KE(@,/T) and 
3RD(6,/T) and the corresponding 


internal energy functior 


and [ D(0,/T)dT 


6, 
“4s 
on ( ) da ) (2) 
0 
~ 1 r 


are given by Landolt-Bornstein (5) 
The most extensive tables of Debye 
functions for C,, and f{ U,, are by 
Beattie (6). The graphical form in 
which these functions are presented in 
Figure 1 is suitable for approximate 
calculations 

Equation (2) like (1) refers to 
the atomic heat capacity of an isotropic 
monatomic solid. It does not provide a 


good fit tor highly anisotropic solids 


such as graphite (7). 


COMPOUNDS AND ALLOYS 


The more complicated situation in 
compounds and alloys can now be con 
sidered. Near room temperature the 
specific heat of a compound or alloy 
can be approximated quite well by 
linear combination of the specific heats 
of the constituent elements (the Kopp 
Joule rule). This is because the tem 
perature is sufficiently high that all 
modes of lattice vibration are fully ex 
cited (except tor a lew hard substances 
of low atomic weight, e.g., diamond 
BeQ) and the gram atomic heat 
capacity is about the same for all the 
constituent elements (the Dulong and 
Petit value ) 

Chis procedure is not proper at low 
temperature because there the pecihe 
heat is determined by the arrangement 
and bonding of the lattice, and for a 
compound this bears no relation to the 
lattice characteristi of the con iponent 
elements as is seen at once by compar- 
ing the solid properties of an alkali 


halide with the alkali metal and the 


halogen a eparate entitie Neverthe 
less the Debye function 1 found to 
represent mple compound which 


form lattice with only one type ol 
bonding (such as alkali halides, othet 
binary ilt ind me oxides), the 
4, value, however, bearing no relation 
to the @, values of the constituent ele 
ments. To comply with the Kopp-Joule 
law at higher temperature it is now 
nece il to mult ply Dib, T) by 
3kn for an n-atomic molecule to obtain 
the 
tor a num 
ber of solids that can be represented 
reasonably well by the Debye function 


For many of these, 0, varies by 10% 


or more according to the ten perature 


range being hittes The value in the 
table are selected to tavor the regior 
100 to 300° K The manner in which 


with temperature is thor 


racdica heir unity in the 
lattice or compound (usually or 
ganic) which form molecular crystals 
often have heat « ipacitie that rise con- 
tinuously to the melting point without 


reaching a plateau and hence are not 


Cryogenic Engineering Laboratory for measurement of thermal conductivity 


well represented by a single Debye can apparently be represented empirt 
function. Such heat capacities can be cally by a sum of a small number of 
represented as a sum of two kinds ot uitably chosen Debye and = lunstem 
contributions, one a Debye term whicl functions.) llowever, the plasty ire 
approximates the ettect ot lattice vibra distinguished b havir elast n 


tions involving the molecules or group tants that are i! vly temperature 
as units, and the other an appropriate dependent (see section on mechanical 
number of Einstein functions, each rey propertic ind as a result it would be 
resenting an internals le I bratior ‘ pect for the lattice vibra 
in the molecule or group. The @, value tions would increase strongly with ae 
for the latter can be issumed to be creasing temperature 
given by the resonance trequenci ' Another « wilds that tails to 
exhibited by the molecules in Ramar fit the Debwe function the glasse 
or infrared pectra liu Low-tet perature lata are available tor 
where A is Planck's constant and & 1 nly a few that are of commercial im 
the Boltzmann constant), the frequen portance including fused silica (9) ind 
cies being to a first approximation ut everal elastomer (10 | hese ub 
iffected by temperature or the state of tance have common a glass” 
revation of the molecule transitt it w ly the pecity heat 
\ classi ipplu ition ilong these es nearl ntinuously with rising 
lines is the calculation by Lord, Ahl temperature. T1 type of transition | 
berg, and Andrew (&) of the heat ittributed to the release of modes of 
ipacity ot olid benzene aN mular tion invol ter portions 
technique may be applicable to plasty the mole iv structur The loca 
(Indeed all real pecit heat curve tion and si ‘ i the transitwho depend 
except the vicinity of maxima or on the rate at which it caused to 
discontinuities due to special cause take place, a there may be accom 


Fig. |. Heat capacity curve typical of simple relotively isotropic crystalline solids 
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a 
HHP | 
discussed by Blackman (4). zat 
COV 


Substance 

Li 430 
No 160 1.25 

K 100 34 

Be 980 

Mg 320 1.51 
Ca 230 

Sr 170 
Al 390 217 | 
lo . 130 
Diamond . 1850 1.10 
Graphite -—~1500 
. 625 | 
Ge 290 

Sn (white) . 165 2.14 

Sn (grey) . 240 

Po . 86 2.73 

Sb 140 0.92 

Bi 110 1.14 

106 0.83 

Ne 63 | 
A 85 | 
Cu 310 1.96 


effects. Of glassy 
construction, only elas 


pany ing hysterest 
material ol 
transitions oce urring 


tomer have gla 


appreciably below room temperature 
The transition 1s taimt or nonexistent 
in Teflon (J1), a promising cryogenic 
material 

One of the most troublesome prob- 
lems facing an equipment designer 15 
the estimation of properties in the ab- 
sence of expel imental data. In the case 
of heat capacities OF the elements and 
reduces to esti- 


These 


trom the 


impler compounds, thi 
mation of appropriate Op value 
can be ¢ ik ulated (4) 
elasty 
the melting point, the temperature de 


constant the compressibility, 
pendence of the reflection of +-ray , the 
temperature dep ndence of the expan- 
ion coetherent, the temperature de 
pendence oO} the electrical resistivity 
(for pure metals only), and the wave 
length of resonance absorption or re 
flection in the far im ired (for sonic 
crystal only ) ('nfortunately the 
melting pot ind expansion coefheient 
are the only ones ol these properties 
that are more likely to he known ex 
pe rimentally than the heat capacity 1t- 
elf. The formula melting 
point, K.), with @p 18 due to 


relating 


Lindemann, 


n\% (nT, \* 
140 (3) 


where and V are the molar volume 


respect 


fcc.) and molecular weight, | 


tively, and "1 the number of atoms im 
the molecule The formula ha 


hown to be a good approximation fot 


been 
common metal and cubic binary salts 

The relation between heat capacity 
and expansivity } discussed more thot 
It 1s sim- 


oughly in the next ection 
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Table 1.—Debye ond Griineisen Constants 


Substance 6,(° 
Ag 220 2.40 
Au 180 3.03 
Zn 240 2.01 
Cd 165 2.19 
Hg 95 

Ga 125 

In 100 

Ti 96 2.73 
Ti 350 

Zr 280 

Hf 213 

. 270 

Nb . 250 

To 245 1.75 
Cr 440 

Mo . 375 1.57 
w 315 1.62 
Mn . 350 

Re . 300 

a-Fe 430 1.60 
Fe —~320 

Co 385 1.87 


ply noted here that the two are ap 
proximately proportional to ea h other 
for Debye-type solid 

In an experimental tudy of alloys, 
Fucken and Werth (172) howed that 
the speciti heat of the coppet nickel 
alloys can be closely fepre ented by 
using either the Kopp Joule additive 
rule or by using a weighted mean Op 
value, and it seem probable that genet 
ally this will be true for imple alloy sys- 
tems in which all compositions and the 
parent metals are of the same lattice 
type and in which the 0, values of the 
parent metals are not widely different 
The additive rule will fail for alloys 
having widely different crystal struc 
ture and elastic constants from those of 
either of the major components An 
interesting consequence of this argu- 
ment 1 that the 
cific heats the austenit 
tee! calculated on the vdditive rule 
hould be ba ed on the heat capacity 


Jow-tempet! ature spe 
stainless 


of y-iron, the high-temperature phase 


face-centered cubic structure 


having 
There do not 
ture data on the teel 
test thi 

It will be noted that Equations (1) 
whereas one desires 


eem to be low-tempera- 
with which to 


point. 


und (2) give Cw 


C, for most purposes Che difference 
is given by the the rmodynamic expres 
ion 

( ( By (4) 


where a is the expan ion coethcient 
and By is the isothermal! 
compresibility, (OV /dP)_/V. The 
magnitude ot 3 


p 
usually in the range o! 1 to 10% of the 
pee ific heat at room temperature, and 


relative 


it decreases rapidly with decreasing 


temperature, Since low-temperature 


values of Bp are not usually available, 
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Substance 
Ni 375 1.88 
Ru 400 

Rh 370 

Pd 275 2.23 
Os 250 

Ir 280 

Pt 225 2.54 
la 150 

LiF 650 

NaCl 275 1.63 
KCl 230 1.60 
KBr 180 1.68 
Ki 175 1.63 
RbBr 130 

Rbi 115 

475 1.70 
AgCl 183 2.12 
AgBr 144 2.28 
MgO 800 

ZnS 270 

FeS, 645 1.47 
PbS 1.94 


the equation ts usually used in the form 


AC,?1 (5) 


p 
a*l / By! 


room-tempet ature 


in which A( calcu- 


lated 
and 1s approximately independent of 
If, to go one tep further, 


from values 
temperature 
the data are not available tor calculat 
iture from the 
obtained to 


a less satisiactory degree of accuracy 


ing A at any tempe! 
above formula, it may be 


from a formula by Nernst and Linde- 
mann (13), 

A 0.0214/T,, (6) 
(mole ) ( K.) 


for spe ific heat in cal 
and 7T,, ™ K. Finally it may be ad 
mitted that 11 C, 1 elf has to be esti 
mated by an indirect method, the ac 
curacy of the resulting heat capacities 
will probably not he such as to justify 

taking ©» C,, into account at all 
Often the property 4 tually desired 
(as in heat balances) | the enthalpy 
difference over a large t mperature in 
ly much 


terval, and th i rtunatels 


le sensitive to timation erro! than 
is the pet ific heat 

The imple behavio! expre ed by 
hic ited 


ial phenomena uch 


the Debve tunctior may be com] 
by numerous spe 
as phase transformation Curie points 
order-disordet transformatior rota- 
tional transition gla transitions 
(eg., in polymeri materials), transt- 
tions between spin states 


netic salts ind 


in paramag- 
in met ils at the lowest 
te mperatures electron heat capac ity.* 


In ible 2 pee 
ubstance 


heat v of a 


few tet hnical are pre ented 


*Some of these ore described in a review 
article on heot copacities by P. H Keesom and 
N. Pearlman (Flugge’s Hondbuch der Physik, 
Vol. XIV, p. 282, Springer Verlag, 1956, in 
English) devoted primarily to the liquid helium 
region (46) 


The values for y-iron were obtained by 
Eucken and Werth (/2) by an indirect 
method and may be too high since 
others (14) have obtained a value of 
0.124 at 373° K. or about 6% less than 
kucken and Werth’s extrapolaied value 
at this temperature. Similarly if the 
specific heat of 18 Cr 8Ni steel is calcu 
lated by the additivity principle using 
Eucken and Werth’s values for y-iron, 
the result at 350° K. is about 3% 
higher than one experimental value for 
a nearly identical alloy [(14), alloy 
No. 15] and about 7% higher than 
another experimental result (15). (It 
is 10% higher than a similar calcula 
tion based on a-iron.) The values for 
18-8 stainless in Table 2 are adjusted 
to give a good approximation to the 
above experimental values and at low 
temperatures are intermediate between 
calculated values based on a-iron and 
y-iron. The contribution of chromium 
is uncertain here since this metal 
normally ha a body-centered cubic 
lattice. 

Value derived from expansivity 
data on tainle type 304 on the a 
sumption of proportionality, the con 

tant of proportionality being adjusted 
to give the correct specific heat at room 
temperature ire within 1% of the 
values in Table 2 down to 150° K. but 
depart considerably more at lower tem 
peratures as the region is approached 
where the expansivity becomes anoma 

The value for Monel at 298 1s 
within 1% of an experimental value 
(15) The entire ce ppe! nickel alloy 
is face-centered cubic structure 
amd undoubtedly obeys the additivity 
principle 

Silica gel is used as an adsorbent and 
also a i thermal insulation at low 
temperature hence it is unfortunate 
that there have been no measurement 
of its low-temperature heat capacity 


The he if tie ed lica and 


Tempera- 


ture, °K 2 2 2 


0019 
0236 


0471 


141 0554 
100 116 155 0607 
150 164 202 0774 
200 191 221 0854 
298 215 .235 0924 


0164 


the various crystalline forms of silica 
are all about the same, however, and 
especially so from 100 to 300° K, wher: 
they differ by only 4% or le Thi 

it is probably safe to assume that the 
data on fused lica are representative 


ol i gel except po ihly it the 


very lowest temperatures where par 
ticle-size effects can occur 

Aga expel mental data are lack 


or Pyre x and other common it 
glasse Without a more ophi ticated 
procedure, the data in Table 2 were 
obtained by linear combination of the 
pecific heats of fused silica and « 
talline B,O, (7) (Data on BQO 
vlas do not eem to le ivatlable 

These were combined as if Pyrex were 
a binary 86-14 mixture, thus neglecting 
inv differences that the minor constit 


vent (40 2 
introduce xpansivitse ire available 
but decrease more rapidly with falling 


temperature than do the data in Table 


2, the departure in the ratio of the two 


quantities from its room-temperature 
value amounting to 7% at 200° K. and 
at K The expansivit of 
fused silica is anomalous (see next se 


tion), and it is unlikely that the corre 
lation between expansivity and heat 
capacity holds for any silica-base gla 

The data on Teflon are proportional 
to its expansivity within a varia 
the ratio of +15% down to 80° K 
Unfortunately there are no other pla 
tics for which this relationship can be 
tested 


Coefficients of Thermal Expansion 
(Expansivities) 


Present understanding of the lhe 
havior of thi property at low te 
per iture tem trom ear] cle veloy 
ment by Gruneisen (/6) of an equa 
tion of state tor lids ba the 
lattice dynas of Debye It wa 
hown that the dimensionle ratio 


cal./ig K 


Fe Cr 


2.—Specific Heats of Some Selected Substances 


(or a 
ind 
‘ 1) 

} 


computed from roon 


erties are give 
be seen that it ha 
value 2 The | 
metals tend toward 
iverage about | 
tered ubic metal 
iverage ib ut 2.3 
there a tenden 
with aton 1 
‘ pre ty ‘ 
te perature-1 epe 
bot! othe 
temper ture the 
constant. Hence it 
nt 

hould va n pr 
cil heat il hee 
temperature i 

e) cut | 
the ca a | ‘ 

rit 

ve exte | 
ire col tent ! 
ta | 
ter 

ne il 
ition t Ly 
ture are to he 

it the | est te 
cul et 

( 


188 


Fused 


2 (2 2 12 2 Stainless * Monel ** Silice 


0014 0006 
0218 


001! 
0129 


0025 
0211 


0012 


0473 0343 0487 


0392 


0574 044) 0604 


0488 


0555 064) 0516 0684 0459 


.0785 0872 0775 0975 0757 
0915 .1003 0918 1118 0925 
.1060 1146 .1070 1251 1073 


0011 
016 


0014 
0186 


006 
0272 


0417 


0509 
0571 
0782 
0897 

1019 


0470 


0570 
0643 
0982 
129 
177 


Pyrex 


bilitie 


vel il 


enh ce 


LOW TEMPERATURE 


ermal 
respec 
tant 
mistant 
it? 


nperature pr 


Wit! 


0055 
0264 


047 


0575 
065 
101 
132 
182 


* Calculated on basis 18 Cr 8 Ni balance +-Fe, then adjusted for agreement with experimental values near room temperature 


** Calculated 


*** Calculated from data for SiO, and B,O, 
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t will 


itely the 


0183 


049) 


0851 
0931 
132 
14646 


248 at 


280 


0739 


entere cubic 
value ind 
while the cen 
are hig he ind 
group 

to mcrease 
The volume and 
th appro itely 
nt ind ince 
direction with 
ven more 

re temperature 
ld if a 
oe 
have a 

like the (Ly 
Thy 

i tal 
te erature 

I en ub 
te lepen 

to the var 

te 
ur 
itt | in 
(/) 
thre 
tse not 


al / By / Bet 
n which £ ire the 1 
tively hou 
Some value 
es a very useful for more precisely correlat 
Toble 
Al Mg Cu Ni a-Mn — Teflon 
20 
50 0337 0580 
77 
90 
057 
085 
099 
114 
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Table 3.—Mean Linear Thermal Expension of Various Solids 
1OAI/I, 


Free- 
machining 
Yellow 
Bross 


1020 low 304 
Carbon Stainless 
Stee! Steel Monel Inconel 


Araldite 
Teflon 


9 
10 28 
25 57 4 
44 93 30 
67 72 133 50 
92 104 176 73 
ng 138 221 97 74 
148 175 267 124 95 
178 214 314 151 130 
209 255 363 180 155 140 
240 297 413 105 210 180 163 
272 341 465 121 24) 207 187 
305 385 518 138 272 234 212 
339 43) 572 155 304 261 238 


for an n-atomic molecule, T,, in ° K., 


actual expansivity data. Without low- 
formula 


temperature data it is still possible to and QO, in cal./mole. The 
construct the constants from a single holds within about 20% for cubic 
room-temperature value of a by adopt- metals but has not been sufficiently 
(y+ tested for other solids. Alternatively, 
2/3)0, and, if necessary, assuming a combination of (3) and (9) gives the 
probable value for y; thus Equation following expression 
(8) is reduced to a single constant n\%/0O.\% 
formula. (Below temperature @, = 14 ( 7) 
a(l is usually small compared 
to unity so that a does not need to be From (10) and (8) it is 

successive approximations to evaluate 
6, and the 


If expansivity 

a as a function of temperature for a 
Debye solid without recourse to values 
melting 


ing expansivities of a particular sub- 


tance because compressibility values 
are often unavailable, especially at low 
temperature The following useful 
approximation 


equation not involving the compressi ing for a the 


bility was obtained by Gruneisen upon 


assumption of an inverse power inter 
atomic force law 


room (10) 


ol 


ol a(l/ )|* 
(8) 


possible by 


accurately evaluated. ) 
data are completely lacking, O, may be 
estimated from a formula derived from 
equation, 


Hlere I’, is the volume at absolute pecific heat from values of 


the value at absolute zero 
‘yB, and a is a function 
in the law of 


Lindemann’s melting 


This is of 
point 


(9) by 


of the ratio | point 
of O, and the exponent either compressibility or 
A companion formula obtained 


and a are best 
volume 


lores In practice ), 


evaluated by fitting Equation (8) to integrating (8) gives 
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changes between any two temperatures, 
1 and 2, in terms of the corresponding 


internal energies 


U,)) 
(11) 
For cubic metals and other isotropic 
solids including polycrystalline mate- 
rial in which the crystallites are ran- 
domly oriented the linear expansivity is 


d dV’ 
(12) 
and to a good approximation, 
l, — |, 

l 


a(l’, 


(13) 


By extensions of Gruneisen’s methods 
the linear expansivities in specific di- 
rections in anisotropic lattices can be 
represented, even including substances 
like the hexagonal metal, zinc, which 
has at the temperatures a 
negative expansivity the 
principal crystallographic axis (16). 


lowest 
normal to 


Unfortunatley, as has been noted, a 


number of important technical mate- 
rials are not Debye type solids, for ex 
ample, glass and most plastics. There 
are few data on these which would per 
mit correlations to be established, and 
it is doubtful if the foregoing approxi- 
mation methods are of any value for 
such substances 


Fortunately, Laquer and Head (17) 


have measured the expansivities of a 
number of commercial plastics. In gen 
eral, organit polymer have several 
fold higher expansivities than do 
metals These may be considerably 
reduced even to vy alue imilar to ordi 
nary metals, by incorporating into 
them filler materials of lower expansiv 
ity such as glass fiber, asbestos, or in 
organi powder Cloth-reinforced 


plastics have expansivities in the plane 


of the reinforcement that are inter 
mediate between the values for the re 
inforcement and for the matrix, while 


the expansivity normal to this plane is 
essentially that of the plastic matrix 
Glass other 
singularities should appear in the ex 
pansivity in much the same way as in 
the specific heat. A noteworthy ex 
ample is the first-order transition in 


transtormations or 


Lo 


ilica, of course, is a unique material 


having an extremely small expansivity 


which at low temperatures is variable 


among sample 


Expansivities of a number of selected 


1 metals and technical materials are 
leflon which occurs at about ambient ; 
given in Table 3. These data were 
temperature 
, obtained from (17) and from a useful 
A number of substances show an , 
literature survey with selected data by 
anomalous negative expansivity at 
Laquer (178). Araldite 501 is included 
low temperatures, not merely in 
: as be longing to a class of material the 
one crystallographic direction as with 
, epoxies, that finds cryogenic use a 
zinc, but also in the average linear or 
adhe ives 
the volume expansivities Among 
these are uranium, type ‘304 staink 
steel, fused silica, and Pyrex. Fused Part 2 will follow im the July issue 
100 200 300 400 500 


T T 


25 


COEFFICIENT OF LINEAR THERMAL EXPANSION 


10 
80 120 160 200 240 260 


520 


TEMPERATURE , °K 


Fig. 2 


c, molar heat capacity at constant 
pressure 

c molar heat capacity at constant 
volume 

D(4,,/T) Debye function [defined in Equa- 
tion 

Einstein function [defined in 


Equation (1)] 
Ls thermal conductivity 
t Lorenz ratio, Kp/T 
M molecular weight 
material constant defined as 
the universal gas constant 
T absolute temperature 
melting point, K 
U molar internal energy 
molar internal energy at T 0 


number of atoms in molecule 


Vv molar volume 

w thermal resistivity, 
n 


/ length 


Greek Letters 


coefficient, 


a thermal expansion 


1 av 
V oft 
isothermal compressibility, 
( ov ) 
v oP 
adiabatic compressibility, 
( ov ) 
v oP 
Grineisen's constant 


[defined by 
Equation 7)) 


6, the Debye characteristic tempera 
ture 
6, the Einstein characteristic temper 


oture 
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yhonon mean free path 


? electrical resistivity 


Subscripts 
subscripts on K, W, and p 


aT 0 


t at about room temperature (ac 
tually ot T “ 
i ideal component at temperature, T 
1s ideal component at about room 
temperature (T 


Conversion Factors 
1 0.239 cal. /(sec.)(om 
lw om 57 he 
1 w./lom 693 Btw. (in hr.) 
‘ 
Presented at AIChE meeting, Boston, 


Massachusetts 
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GAS PREPURIFICATION 


for 


LOW TEMPERATURE 
PROCESSING 


Norman Updegraff 


Gas Processes Division, The Girdler Company, Louisville, Kentucky 


ow temperature is a relative matter, 
Ju t how relative i 


relationship 


forcefully de- 
monstrated by the given 


in Figure 1, which shows the tempera 
from the 
to absolute 


included 


ture scale freezing point of 

Three 
Kelvin 
Centigrade, and degrees Faht 
enheit, At the top is the freezing point 
of water, 273° K., 0° C., or 32° F. On 
the left are 


of a number of 


water down zeTo 


cale “ate deyret 


degree 


plotted the boiling point 


familiar materials, all 
at normal tempera 


On the 


of which are pase 
ture right are 


hown the 


pressure 


freezing or ublimation 


pomts of some ot these same materials 


as well as of some othe The relation 


of these points to one another is the 
key to the need for pre purification, For 
xamiple to fy methane (natural 
necessary to remove water 


each of these 


ras), itt 
and carbon dioxide since 
will freeze at the temperature required 
The same is true when liquefying oxy 


gen or nitrogen in an air-separation 
acetylene and other 
hydro irbon al be 


idditional difficultie 


plant in this case 


must removed to 

Going down the scale, one comes to 
vhich lquefies at about 20 
\t thi 


contaminant 


hydrogen 
K. or 173° 


oxveen are 


point nitrogen 
and which 
must be removed, Finally, helium li 
quehes at 4.2° K. At this temperature 
than 452 


ill other element 


more helow zero Fahrenheit 
are solid It i vid 
that under these conditions oxygen and 
nitrogen, in appearance and mechanical 
emble white sand at ordi 


(15) 


prepurification is of 


behavior, re 


nary temperature 


ga vital 
to low temperature pro. 


solids by 


oon render low-temper 


Hhportance 
ince accumulation of 

ze-ups can 
iture equipment imoperative, For ex 
many low-temperature processes 


to cool 


use expansion valve or oritice 
further by the Joule-Thomp 

Solids present at that point 


the pase 
on ettect 
in the evele soon would plug up the 
and thu a shut 
heat 


low-temperature 


valve or orifice cause 


down Similarly, exchangers 


used in processing 
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can be plugged easily since they gen 
erally are made up of relatively small 
Therefore, it i 


diameter tubing neces 


sary either to remove the impurities 


from the gases prior to the low-temper- 
ature equipment, or to design the heat 
exchangers for deliberate freezing-out 
ubsequent removal 


De pite best efforts 


of impurities and 
by reverse flow 
toward prepurification, some accumu 


olids such as water or carbon 


inevitable, and the equipment 


lation of 
choxide 
must be shut down for thawing out or 
“deriming” as it is called in the indus- 
interval of time be- 


can be extended by 


try. Hlowever, the 
tween deriming 
adequate extent 
that 


with other 


prepurification to an 
timed to 
maintenance work 


such hutdowns can be 
come icle 
three method 


In veneral there are 


lor removing from gase 


1. chemical reaction 
2. absorption and adsorption 


3. freeze-out 


In the first group are processes in which the 
gas to be purified is washed with a solution 
which will react chemically with the impurity 
and thus remove it from the system. An ex 
ample of this is the removal of corbon dioxide 
by reaction with sodium hydroxide to form 
sodium carbonate 

An example of the second group is the use 
of activated alumina in a solid dessicant sys 
tem for removing water vapor from gas 

The third method borders more closely on 
low-temperature processing than on prepurifi 
cation in that the heat exchangers used for 
initial cooling of the gases to be processed 
collect the materials by freezing them out of 
the gas. After freezing, the solids collect either 
on the surface of the heat exchangers or in a 


filter downstream from the exchanger. 


Air Purification 


The widest application of low-tem 
processing is the separation 
air: 


pre- 


perature 
components of 
As far as 
major 


of the two major 
oxygen and nitrogen 
purification is concerned, the 
removed are water 
both 


temperatures. In 


contaminants to be 


and carbon dioxide since will 


lreeze at liquid air 


addition, traces of acetylene and other 
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hydrocarbons, if not properly handled, 
will accumulate in the system and may 


cause an explosion 


CARBON DIOXIDE REMOVAL 


Atmospheric air generally contains 
about 330 p.p.m. CO,. This is 
large amount, but over a period of time 
it is sufficient to plug the low-tempera- 


not a 


ture heat exchangers. Several methods 


are available for removing carbon 
than 3 


which is considered an acceptable value 


dioxide down to less p.p.m., 


lor air separation 


1. Caustic Alkali Wash 


Generally a water solution contain 
ing 5-10% NaOH by weight is used. 
However, potassium hydroxide can 
also be used and actually has a higher 
first 


through a 


absorption coefficient. The air i 


compressed, then pa sed 
filter and oil trap, and into a packed col- 
umn where it flows countercurrent to 
the recirculating caustic solution 


The 


require 


system is simple to operate and 
that the kept 
in Operation and that more caustic be 
added to the solution to make up tor 
that which has reacted with the carbon 


only pump be 


dioxide to form sodium carbonate. 


From time to time the solution must 
to keep the 


building up too 


be discarded carbonate 


content from high. 
Since the 


leaving the 


system is aqueous, the air 


crubber will be saturated 


with water vapor at the pressure and 


temperature of operation 


2. Absorption and Adsorption 


In certain applications it is desirable 


to use a dry system for carbon dioxide 


removal. In such plant the air to be 
purified can be passed through beds of 


olid alkalis 


odium hydrox ice 


ium hydrox 
One of the 


Si h i» pota 
ide and 
oda lime, 


and 


materials used, referred to a 
odium 


he 


with caustic solu 


is a mixture of calciun 


potassium hydroxides reaction 


are the same here as 


tions and, when the beds have become 


exhausted, the material must be re 


placed. In general the liquid proces c 
are preferred since dry chemical 
difficult to tend 


cake up in the vessel they get 


hore handle and 
when 
moist 

Another dry process is adsorption of 


carbon dioxide on activated carbon, 
suriace 
unit the 


pl iced in two 


alumina, silica gel, and other 
active materials. In these 
adsorbent generally 1s 
ilternately regener 


vessels which are 


ated by warming. 
3. Freeze-out Processes 


Despite the efficiency of chemical 


These are 


for carbon d 


processes ioxide removal 
methods that do not require the supply 
chemicals attrac 


Thi 


that must be mobile, 


and handling ot are 


is particularly 
such 


tive in principle 
true for unit 
hipboard or airborne, or which 
low ated 


operating 


a ol 


are remotely, since the only 


requirements would be a 
source of power and perhaps cooling 

Fur 
oxygen 


water for the air compressors 


thermore, in low-pressure cycle 


plants chemical purihcation becomes 


expensive and cumbersome 

In general two types of equipment 
used for removing carbon 
regenerators and 


have beet 


dioxide as a solid 
reversing heat exchangers. 

Regenerators were conceived 
Mathias Frankl in 


method of precooling and purifying the 


Germany as a 


incoming air by passing it through a 
vessel packed with a material capable 
of heat 
erator used alternately, one pair 


storing Two pairs of regen 
are 
on the product oxygen stream and one 
pair on the product nitrogen In prac 
the cold 
streams pass through these vessels and 
the The 
air split through 


alternate 


tice oxygen and nitrogen 


packing incoming 
the 
re 


cool 
and flows 


oxygen and nitrogen 
generators which have previously been 
In the regenerators, which are 
generally packed 
spirally wound corrugated metal strips, 
the di 
oxide the 


water 


ooled 


with ot 


pancakes 


water vapor and = carbon 
solidify 

The 
deposits at the warm end and the car 
at the cold end. After a 
time, perhaps 15 min 
witched and 
pa 


contain 


condense and on 


surface of the packing 
bon dioxide 
given period 
eneratot 


or le ret are 


the product oxygen and nitrogen 
through the 


the 


out regenerator 


ing oli tie d water and carbon 
dioxide > these product tream 


nee 


ure than incoming 


irbon dioxide are 


regenerators while 
yr cooled down for another 
regenerator-tyyx 
the Linde-F rank! 
raction ot 

llv: thu 

elimi 

that 


contaminated 


and carbon dioxide as well 


Irom 


sidual air left in the regenerator 


and that, toward the 
the 


Varimet whicl 


the previ le 
cvcle incoming 
yxide to enter 
olution to thi 


changer Operation—W 


I Skaperdas (11) 


The 


in counterflow 


air to be 
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Boiling points of diflerent materials re 
Fahrenheit 


WATER REMOVAL WITH SOLID DESSICANTS 


Flow diagram of the hydrogen liquefier at the NBS AEC Cryogeni« Laboratory 
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r passage while — 
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ne valve, 
by «othe 
its passage Comms! and 
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the « hanger 
ties, 1t may be re 
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e operating pressure 
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General practice in air-separation 
plants using chemical purification is to 
use a solid-dessicant-type dryer which 


consists basically of two alternately 
used containing 


alumina, bauxite, or silica gel 


activated 
Here 


vessels 
vessel operates on the de 
hydration cycle while the other is be- 
ing regenerated by heating and purging 
A dew point as low as 
atmospheric 


one 


with dry air 
100° 


pre ure) 


(referred to 


may be obtained in such 


equipment; this is generally considered 
adequate for low-temperature process 


ing 
HYDROCARBON REMOVAL FROM AIR 


In addition to water and carbon di 
around many industrial 


will contain small amounts 


oxide, the air 
operation 
and other hydrocarbons 
will accumulate in poorly de 


and 


of acetylene 
These 
igned low-temperature system 
12). 


available for 
prepurifica 


can cause explosions (%, ‘Two 


method are remov 


ing these materials by 
(1) 
the hydrocarbon to 
(2) by 


activated cat 


tion catalytic oxidation of 


carbon diox 


ide and wate r, of ad orp 
uch materials as 


ilica wel (14) 


disadvantage 


tion on 
processe 
of being bulky 
for large-seale being 
subject to accidental break-through of 


bon ind 
have the 
plants and of 
» these have not been 
More 


are removed 


the hydrocarbon 
used generally up to this time 
frequently, hydrocarbon 
within the low-temperature cycle by 
filtration, or 
accidents in 


adsorption, scavenging 


llowever, recent large 
cale oxygen plants have resulted in 
oxidation 


renewed interest in catalytic 


lor prepurihcation 


Purification of Hydrogen for Liquefaction 


One method for liquefying hydrogen 
that ha atten 
tion in the literature is the high-pres 
sure process used by the National Bu- 


received considerable 


reau of Standards in their Cryogenic 
Engineering Laboratory at Boulder, 
Colorado (7, 2, 3). A flow scheme of 


this process is shown in Figure 2. 


Hlere the hydrogen supply is obtained 


from cylinders or tube trailers of electro 
lytically produced hydrogen 
tains small amounts of oxygen and nitro 
gen com 
pression and the nitrogen after compres 


which con 


The oxygen is removed before 


sion 


Oxygen is removed by causing it to 
react with the 
There are catalysts which will 
this Metallic nickel 


chemically deposited on an extended sur- 


hydrogen to form water 
several 
promote reaction 
alumina is a good 
about 300°C 


uch as 
heated to 
catalyst, 


face 
catalyst when 
An_ etfective 
consists ol 
deposited 


support 


available 
palladium 
upon an 


mercially, which 


has been chemically 
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extended surface support. This catalyst, 
which is used at Boulder, is operative at 
ordinary room temperature and 50 Ib./ 
Its principal disadvantage is that 
( poisoned ) 


sq. in 
it is temporarily deactivated 
by such impurities as hydrocarbons or 
perma- 
The hot 
these 


carbon monoxide, and that it ts 
nently deteriorated by chlorine 
nickel subject to 
objections (&) 

Following the deoxidation step, the gas 
is compressed to about 2000 Ib./sq. in. in 


cooled 


catalyst is less 


compressors and 
with cooling water in the 
which reduces the dew point of the hydro 
gen sufficiently for further processing 
An oil-and-water separator packed with 
bronze wool followed by a fog filter is 
included downstream from the compres- 
sors to remove any entrained water and 
lubricating oil from the hydrogen 

The next step is the complete removal 
vapor and oil by a freeze-out 
process (Figure 3). Hydrogen enters the 
refrigeration dryer at room 
counter- 


reciprocating 
aftercooler 


of water 


coil in the 
temperature and is 
current heat exchange with cold hydrogen 
next step. Water 
freeze in 


cooled by 
returning from the 
are condensed out and 
the coil. From here the hydrogen passes 
into a second heat that 
is immersed in a bath of liquid nitrogen 
in the purifier Here heat 
exchange with the outgoing hydrogen is 
performed. After reaching nearly liquid 
nitrogen temperatures (about —320° F.) 
the hydrogen is passed through a coil 
which is also im 
This coil is 


and oil 


exchanger coil 


vessel again 


containing silica gel 
mersed in liquid nitrogen. 
3-in and ©) ft. long At this poimt 
the nitrogen present is adsorbed on the 
silica gel and the hydrogen then is pure 
In practice about 


enough for liquefaction 
wWO cu. ft N, can be absorbed on the 
silica gel before break-through when a 
amount of nitrogen, about 500 
p.p.m., is present in the hydrogen. Since 
the coil cu. ft. of 
silica gel, better than 
80 cu.ft. N silica gel (&) 


contains about 3.7 
this amounts to 


cu. ft. of 


The refrigeration dryer and the silica 
gel purifier are installed in duplicate in 
this plant, one being regenerated while 
the other is 
is accomplished by removing the liquid 


in operation. Regeneration 


nitrogen from the bath, warming up 


the silica gel coil with an electric 
heater, and pulling a vacuum on the 


system 


Purification of Helium for Liquefaction 


In the liquefaction of helium for low 
temperature experimental purposes, it 
is also necessary to get rid of impuri- 
ties that would freeze up in the system. 
helium, how 


and the 


Commercially available 


ever, is fairly pure already 
only treatment generally required is to 
pass the helium at about 500 Tb. /sq.in 
over activated carbon in a drum im 
mersed in liquid nitrogen (Figure 4). 
This is the method used in the well- 


known Collins helium cryostat (6, 10). 


53, No. 6) 


industrial Gas Purification Processes 
1. GIRBOTOL PROCESS 


The caustic wash used for removing 


small quantities of carbon dioxide 
found in air is not economically feas- 
ible for bulk removal of carbon dioxide 
from natural and manufactured gases 
although it is frequently used for final 
cleanup. The process now used by the 


hel- 


ium production plants, is described here 


jureau of Mines in its present 


in part: 


Girbotol Process—P. V. Mullins (13). 
Helium is extracted from helium-bearing 
temperatures and 
which 


natural gases at low 
elevated pressures, a 
results in liquefaction of all constituents 
of the gases except helium, the most 
difficult of all gases to liquefy, and per- 
mits its extraction and recovery by 
simple phase separation. The 
is among the few which utilize extremely 
temperatures, particularly in com- 
and 


combination 


operation 


low 
bination with 
tively high gas-processing rates 
temperatures range downward to 310° 
F. and pressures upward to 2,700 Ib./ 
sq.in. Since processed for 
helium extraction only 1 to 2% 
He, large quantities of gas must be proc 
Individual Bureau of Mines plants 
ranging 


rela- 
Process 


high pressures 


most gases 


contain 


essed 
rates 
natural gas/ 


have daily 
upward to 
day 


gas-processing 
30,000,000 cu. it 


In the Girbotol process, a solution of 
approximately 18% 

70% diethylene glycol and 12% 
pumped into a bubble tower for contact 
600 Ib./sq.in. Rich 


acid gases 


monoethanolamine, 
water 1s 


with the gas under 
solution containing 
and water is passed continuously from the 
tower still for re- 
F. and then re 


abs« bed 


contactor to a bubble 
activation at about 280 
circulated 

After through the contactor 
the natural gas (still at 600 Ib/ 
sq.in.) is passed through beds of 4-8- 
mesh solid adsorbent (activated bauxite) 


passage 
about 


for final dehydration 

Natural gas, initially containing 0.6 to 
08% CO, H,S, contains negli- 
gible amounts of these constituents fol- 
lowing treatment. Depending upon the 
sustained efficiency and the switching fre 
quency of the batch adsorbers used for 
final dehydration, the treated gas contains 
very little or no water Helium 
separation units have been operated con- 
tinuously for several weeks without shut 
down to thaw dioxide ice 
formed in the equipment 


and/or 


vapor 


ting carbon 


or water-ice 


Another application of the Girbotol 


process is the removal of carbon diox- 
ide from a crude gas mixture prepared 
by the hydrocarbon reforming prior to 
the low-temperature separation of car- 


bon monoxide and hydrogen 


2. COKE OVEN GAS PURIFICATION 


One of the earliest applications of 


— 


Lieulo 


Y 
| 


REGULATOR 


PURIFIEO-— 
HELIUM 


LIQUEFIER 


REFRIGERATION 
DRIER 


Fig. 3 
of water vapor and oil 


low-temperature the 
chemical industry was its use in sepa 


rating hydrogen from by-product coke 


processing in 


oven gas for use in ammonia synthesis 
Claude first accomplished this in 1922 
followed by 


(/) 


in France and was soon 
Linde and Messer in Germany 
The composition of coke-oven gas will 
the used. 


even the best of 


vary somewhat with coal 
Howe ver 
a number of impurities which must be 
removed prior to low-temperature proc 
essing. These such 


as tar, oil, benzene, naphthalene, hydro- 


it contains 


include materials 


gen sulfide, hydrogen cyanide, and car- 
bon dioxide. 
been 


A number of have 


used in Europe for this purpose but 


proc esses 


until recently they have not proven at- 
tractive in the United States. How- 
the first plant in this country to 
produce ammonia from coke-oven gas 
Birmingham, 
Com- 


ever 


Stream at 
Ketona 

The low-temperature 
used not only for re- 


was put on 
Alabama, by 
1956 


Chemical 
pany in 
operations are 
moving carbon monoxide from the hy 
drogen by liquid nitrogen wash by the 
but also for 
streams of 


Ai ] iquide proce sepa- 


rating out by-product 
methane and an ethane-ethylene mix- 
ture 

Prepurification at this plant is de- 


scr ibed as follow 


First raw coke-oven gas (after electro- 
com- 
sq. in. gauge and 220° 
t bottle” where 


static and soda ash treatments) is 
pressed to 300 Ib 


F. It then 
high molecular 


goes to a “he 


weight contaminants 


ADSORPTION 
PURIFIER 


Flow diagram of the freeze-out process for removal 


Fig. 4 


polymerize imto gummy tars and con 


dense on the tower wall 

The gas is scrubbed with a light petro 
leum oil to remove aromatics, then with 
a 3% ammonia solution for CQO, and 
sulfur. This is followed by a cold-water 
wash and a caustic solution scrub to get 
rid of the last traces of CO The gas 
goes to the nitrogen scrubbing unit, then 


to ammonia synthesis 


3. AMMONIA SYNTHESIS GAS PURIFICATION 

Another aspect of ammonia synthesis 
gas purification 
processing is the liquid nitrogen wash 


by low-temperature 


scheme being used in some ammonia 
plants, particularly those that produce 
hydrogen from the partial oxidation of 
natural gas or fuel oil with oxygen by 
the Texaco process. A liquid nitrogen 


wash is used in these units for removy 


ing residual carbon monoxide, which i 
the 


and methane 


ynthesi 
which builds up 


poisonous to ammonia 
catalyst, 
tem and reduce 


Although there 


as an inert in the sy 


the yield of ammonia 
ior efiect 


are other processes available 


ing this final purification, it is particu 


these plant 


ailable 


larly convenient in to use 


nitrogen since it 18 ay from the 
oxygen plant 


The major impurity found in the ga 


stream in this case is carbon dioxide 
which, in the case of plants tarting 
with fuel oil, amounts to more that 
30% of the crude gas volume. In such 
a case, processes for the bulk removal 
of carbon dioxide, such as water scrub 
bing or the hot pot m carbonate 
process developed by the U. S. Bureau 
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TEMPERATURE 


BLOW DOWN 


NITROGEN 


CHARCOAL 


woOoL 
SANTOCEL 


Liquid nitrogen charcoal trap 


ol Mine (9) ire enerally more 
economical than the Garbotol proce 

liowever, they must be tollowed by a 
cleanup proce uch as a caustic wash 
or Girbotol followed by caustic wash 
ince they will not reduce the carbon 


dioxide content of the ga low enough 
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article. 


interde pe ndence of proce 


temperature distillation column 


column 


H., and N. 


This review concerns the unusual features of distillation 
columns built to operate at liquid air temperatures and 
discusses the special problems encountered by their de- 
signer. The data available to such a designer and the 
methods of applicability comprise the major part of this 


done by liquefying part of the feed gas 
ind distilling it. Examples include the 
eparation of Os, from air, the purifi 
cation of H, from refinery gase 
the removal of pure CH, from natural 


The methane purification proce 
hown in Figure 1, demonstrates 
design and 
column design. It also emphasizes the 
difficulty of obtaining reflux for low 


the natural pa jeed is chemically 
crubbed to remove CO, and 
dried by adsorption, cooled in counter 
current heat exchange with the prod 
uct gases, and passed into a distillation 
The column produces 
tom traction containing Cy and heavier 
hydrocarbons and a distillate of ¢ I,, 
Kecycle for this column is 
obtained by taking part of the distillate 
tream, warming it to ambient temper 
ature compre ing it, and removing 
the heat of compression with cooling 
water, and recooling it. Final cooling 
und partial faction are obtained by 
using this stream as a heat source 


the column reboiler It is expanded 


Fig. 1. Flow diagram of 


then to column pressure and injected 
into the column as reflux. The column 
is operated under about 100 Ib./sq.in. 
gauge © that both column products, 
after Joule-Thompson expansion, may 
be used to cool and liquefy the gas feed. 
Ihe process cycle used to obtain col- 
umn reflux is necessary because the top 
of the column is colder than any of the 
fluid streams that might be available as 
coolants unless these streams are cooled 
hy expansion to a lower pressure. Sup- 
plying reflux to this column represents 
a major part of the total operating 
cost, This is typical of low-tempera- 
ture processe and explains why col 
umns im these plants usually operate 
close to the minimum reflux. 


Another Solution to Reflux Problem 


\ different solution to the problem 
of reflux supply is found in a typical 
uir-separation plant. Here the problem 
of supplying reflux to the column is met 
by carrying out the distillation at two 
pressure \ir at its dew point is fed 
to the bottom of the lower column 
which operates at 6-7 atm. p. From the 
bottom of this column a “crude oxy 
gen” liquid containing 35-40% O, is 


removed Relatively pure No is re 


methane purification plant 
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- 
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he typical low-temperature proces 
eparates the components of a nor- 


mally gaseous mixture. Usually this is 


moved from the top of this column. 
Reflux is obtained through condensing 
the N, by using its energy to boil the 
oxygen in the sump of the upper col- 
umn. Thus the pressure difference 
between these two columns must be 
such that the N, in the high-pressure 
column condenses at a temperature 
higher than the boiling temperature of 
Oz in the low-pressure column. A AT 
across the condenser-reboiler of 5-10° 
F. is normal. Thus 90 and 20 Ib. /sq.in. 
abs. are normal pressures for the high 
and low-pressure columns respectively, 
giving a 6° F. AT across the con- 
denser-reboiler. After subcooling and 
expansion the crude oxygen is used as 
feed to the low-pressure column. The 
N, from the high-pressure column 
after similar subcooling and pressure 
reduction forms the low-pressure col- 
umn reflux. It is evident that the de 
sign of this column is closely inte- 
grated with that of the process as a 
whole. Reflux ratios and feed condi- 
tions for the two parts of the column 
are not only interdependent but also are 
functions of the purity of the products, 
the arrangement of the over-all cycle, 
the effectiveness of the heat ex« hang- 
ers, and the operating range and effi- 
ciency of the expansion engine. This 
interdependence is not so marked in 
the design of high-temperature columns 


where reflux can be made at the ex- 


pense of cooling water, and where 
proces team serves to heat the re 
boiler 


The’ relations between column 
streams in an air-separation plant are 
shown best with the aid of an //-a 
diagram Here air is assumed to con 
tain only Oy at d No and hence the re- 
ults obtained are only qualitative 
when oxygen purities above 95% are 
being produced, but the principles are 
well illustrated. Figure 2 shows such 
a diagram. On it are plotted saturated 
liquid and vepor loci for both the low- 
and high-pressure column pressure 
rhe feed to the high-pressure column 
enters at concentration +, 79 mole 
fraction Ny. 
the external process, but here it is 


Its enthalpy depends on 


assumed to be hp, such that the feed is 
10% liquid. The crude oxygen con 


re 
| 
j 


20 


centration and enthalpy must fall at 
point B to the right of the high-pres 
sure connodal through F. Choice of 
this concentration and that of the 
“crude Nz,” Fk, fixes the difference, o1 
net flow, point for the high-pressure 
column. The number of theoretical 
stages required can be readily deter- 
mined, This is either done directly on 
the H-x diagram by the Ponchon 
Savarit stepwise construction, or by 
using the difference point and satura- 
tion curves from the H-x diagram to 
construct an operating line on an #-) 
diagram The tage then may be 
stepped off by the McCabe-Thiele pro 
cedure. The operating line so con 
structed will be slightly curved due to 
the variation in latent heat of O.-N, 
mixtures with concentration (30) 

The crude N, and crude O, streams 
are fed to the low-pressure column 
after subcooling and expansion. The 


amount of subcooling depends upon ex- 


ternal cycle conditions and on the tem 
perature approach in the subcoolers, It 
can be assumed that the subcooling is 
represented by line B-RB’ and R-R’ 
and that both O, and N, product 
from the low-pressure column are satu 
rated liquids. This completely specifie 
conditions in the low-pressure column 
since the heat input to the reboiler has 
been determined by conditions in the 


high-pressure colum: By an energy 
balance around the high-pressure col 
unt 


Fig. 2. Enthalpy-composition relationships for a double column 


where possible at any point, the designer can 
u ol th iriable h e 

F, R, B na ol trean / 


onmdition of the air feed. the concentra 


h enthalpy of trean 
me tion of the crude © ined Streams, 
R, and / 
nad the extent of subcooling ( hanwe 
i) heat added in the con 
. in any of these will affect the proce 


denser-reboiler external to the column itself 
O; heat added in the con 
denser-reboilet per 
of toni Ingenuity of Designer 
In this d ussion it ha en pre 
the distance represent umed that the colum: vill operate 
O,,, can be obtained from the relation sdishaticall Actual eam 
eccul In high-temperature columns 
(/» eat ‘ result n the creat ot 
O 
idditional reflux through the column 
where this requires greater reboiler capacity 
ans 
heat added in the condenset nut othe In 
reboiler per unit ot wean ne ned 
oxygen product from the surroundi | educe 
. the colun reflu il ike the 
Now the difference, or net flow, point eparation ! ff t ‘The ulting 
for the low-pressure column can be ce penalties in tert of reduce epara 
termined. A’;p is at the coordinate tion efficies ind increased refrigera 
(%o., hog ~ Von). The relationship tion requirement are large. The de 
Are N 4 R’ her uts ! hea ] ilat 
ing the plant ar } bu ng ta 
and ompactly as p lle The column 
heat exchange interconnecting 
B + piping are clustere nside the frame 
written both as material balance rk of the , This w he cov 
energy balances fix A,p at the inte ered with steel plate and packed with 
section of the lines pa through / nsulation. kigure 3 show in am- 
ind and thr ug! A’ ind BR’. Wit nia rithve plant in construc 
these difference points the determina t tage. Here, despite the desirability 
tion of the number of eal stage ‘ ofa mpact unit, the column is about 
quired is carried out as was done for W) ft. hig! II considerably taller 
the high-pressure column. If the ! than the heat exchange that ar 


tion here obtained i around it 
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Fig. 3. Ammonia synthesis gas plant under construction 
hyF +O Oy 
hpk + 


Heat Leak and Design 


In the design of the plant the un- 
avoidable heat leak is divided between 
the individual plant components in pro 
portion to their surface area and to the 
AT from their to 
The total heat vary 
about | 
to five 
part 


suriaces 
leak will 
lb. of feed 
times this in small plants 


ambient. 
from 
in large 
plant 
That 


the column (about half the total in air 


which 1s assumed to reach 
plant pi 
top of the thus the position 
| This i 
the most conservative approach since 
the loss 
column 


usually assumed to enter the 
column; 
generally 


of lowered 


in reflux is felt throughout the 


Phe iaterdependence of column and 
process design then puts the following 


criteria on the column itself: 


t+4 

SPACING 

2 
VAPOR CAPACITY 


| 


10 40 
OF Low TEMPERATURE COLUMNS 


about %-in. equilateral triangular cen- 
ters. Figure 4 shows a typical bubble- 
cap plate. This plate is used in the low- 
pressure column of a plant producing 
7,000 std. cu.ft./hr. of 99.98% O». The 
column is made by fitting together a 
stack of these plates much as particle 
izing screens are stacked as shown in 
Figure 5. 

Figure 6 shows a typical sieve plate 
used in a column sepa- 
Ns 
washing to produce ammonia-synthesis 
gas 

The ability to separate efficiently at 
low the 
properties of the fluids being separated. 


This plate was 


rating refinery gases by liquid 


tray spacings arises trom 
These are generally of low viscosity 
(generally less than 1 centipoise), low 
(about 1/5 that of 


trom 


surface tension 


water), nonfoaming, and free 


vavcues 
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Fig. 7. Maximum vapor capacity of low temperature column. 


1. It should operate close to minimum reflux, 
and therefore needs a large number of theo- 
retical stages 

2. It should be as compact as possible so 
that the heat leak can be kept at a minimum. 

3. It should be precisely designed, for oper- 
ating conditions cannot easily be changed to 
if such 
changes can be made, they usually result in 


compensate for poor column design 
greater refrigeration requirements and hence 
higher operating costs 

lo 


iptiet ha 


these the column 


tried to get many physical 


meet criteria, 
«le 
into a column having 
Plate eth 
acrificed in these 


distillation plate 
minimum external surtace 
could not be 


column 


cirenete 
effort 
sige thee 
po 


al low 


olution has been to de 
the minimum 


sometime 


with 
tray going 

14 eth 
liquid contacting has been ob 


pacing 
in. between trays 
cient va 
tained through the use of thimble-sized 
bubble 


holes of 


caps or by sieve plates with 


about '4-in. diam. spaced on 
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contained solids. Little information is 
available on the foaming behavior of 
low-temperature liquids. Linde (26) 
has observed the action on distillation 
trays separating oxygen-nitrogen, oxy- 
gen-argon, and mix 
tures. He found that at Ny concentra- 
tions between 20 and 9007 in either O, 
or A the liquid foamed. At higher N. 
in Ny 


The foam Linde 


nitrogen-argon 


concentration or in systems low 
no foaming occurred. 
observed rarely exceeded 1 in. in cde pth, 
ettect 


and he concluded that its major 


was to promote improved gas-liquid 
contacting. This was substantiated by 
eparation effectivenesses that he found 
to fall off at low No 
Similar studies have not been made for 
other The 
information available does however in 
that distilla- 
tion columns generally operate with up 


to 10°, entramment ratio. 


concentrations. 
low-temperature systems 


dicate low-temperature 
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No Published Data on Low-Temperature 
Column 

The detailed plate design for low- 
temperature columns is carried out in 
the same manner 
columns. 


as is that for high- 
temperature There is not, 
however, a fund of published capacity 
and performance data such as is avail- 
able columns. 
Factors such 
capacity of the column for vapor flow, 


for high-temperature 


in a design include the 
pressure drop of vapor passing through 
the plate, liquid flow resistance across 
the plate and through the downcomers, 
and minimum vapor and liquid loadings 
required for effective contacting. The 
usual approach to limiting column ca- 
pacity based on maximum allowable 
used in the design of 


Published data on the 


vapor velocity is 
these columns 

capacity of low-temperature columns 
hown plotted is K, 


(29) 


plate 
Ky is the pro- 
portionality constant in the relation 


are pac 


ing in Figure 7 


where 
maximum allowable vapor ve 
locity, ft. 
densities of liquid and vapor 
Ib 
a tunction 
and liquid depth, ft. /sec 
34) 
ably greater 
handled than is 
high-temperature columns 


cult 


ot plate 


spacing 


that consider 
be 


in 


indicate 


vapor flows may 


common prac tice 


Thi 
plant-per 


indi 


cation is strengthened by 
formance information. The dashed line 
shown gives approximately the capac 
by low-temperature 
column designet No published infor 


mation can be found on the pressure 


ity relation used 


drop due to gas or liquid flow across 
low-temperature plates. The designer 
uses the relations for high-temperature 
columns adjusted for differences in 
physical properties of the fluids 

The low tray spacing makes the col- 
umn especially sensitive to hydraulic 
so that the liquid 


Fortunately, 


gradient velocity 
must be kept the 
low-liquid viscosity tends to reduce the 


low. 


hydraulic gradient. Even so, large col 


umns are frequently segmented into 
complete 
to 


reduc es 


smaller plate section 


ibove 


many 


with downcomers from and 
the plate below. This 
the length of liquid patl 


Figure 8 


greatly 

ind hence the 
hydraulic gradient shows 
such a segmented distillation plate dur- 
ing the column. Each 
of these 
plete tray in 


assembly mto 
com 


18 


shown 


triangular sections 1s a 
itself 
Two plate 
the fi 


with each ide 


long ire 


in 
here, the plates 
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wreground be- 
ing Liquid 
flows from the center to the corners on 
the from the 


below rear 


foreground trays and 


J 
2 4 6 10 20 40 
| 
| | 
| 
oo2 


corners to the center on the rear trays 
Plate spacing 1s 4 in Figure 9 is a 
view of the top plate of the high-pres 
sure column showing how reflux is 
distributed to the tray sections, while 
Figure 10 shows the condenser-reboiler 
for this column. 

In sieve trays the hydraulic gradient 
is much le critical due to the unob- 
structed liquid flow path so that such 
segmenting is rarely necessary. For 
this reason as well as for their sim 
plicity and lower cost, sieve plates are 
becoming the common practice for 
low-temperature separatior As in 
high-temperature columns they are 
found to have slightly higher capacity 
for both liquid and vapor and slightly 
better efficiency than do bubble-cap 
trays. A well-designed sieve tray will 
weep at about one third of its maxi 
mum vapor flow rate. This gives an 


adequate operating range. The prob 


lem of hole-« ogging 1s completely ab 


ent unl frozen matter collects in 
the column. Such build-up of solid 

usually CO,, occurs almost inevitably 
and requires occasio1 il utc | 


deriming of the plant. In many pl: 
with effective precleaning of the ga 
feed this is only nece ary yearly 

For these columr the « ilculation of 


tray requirements is made through ex 


actly the same techniques as those used 
for high-temperature columns. Essen 
tially all low-temperature separation 
involve more than two component 


Basically then the calculation require 


the une ol lep- wise plate t plate 
trial-and-error heat and material bal 
ances and vapor-lquid equilibrium 
computation liowever, since the tray 
efthcrenci ire often only approxi 


mately known, the designer trequently 


employs short-cut methods based o 


the required separation of key compo 


nent Such method include the 
Kremser method (23) for ab orption 
column calculation For distillation 


columns the Colburn method (&) for 
determining minimum reflux ratio 
coupled with Fenske’s equation (14) 
for minimum stages at total reflux and 
the chart of Martin and Brown ( 
for determining the theoretical taye 
required at a practical reflux ratio 1 
frequently used 

Io determine the actual physical 
plates required in a column, the theo 
retical tages must be divided by a 


tray efficiency. Here the published ir 
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work of Linde (26 as already beet 
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A Fig. 4. Typical bub 
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Special features and applications of various heat exchange 
methods used in the low-temperature field and of several 
heat-exchanger types and heat regenerators are described 
in the accompanying paper. The relative merits of freeze- 
out exchangers, reversing heat exchangers, and regen- 
erators are discussed. An approach to the economic sizing 
of heat exchangers is also given. 


LOW TEMPERATURE HEAT EXCHANGE 


William E. Gifford 


n any low-temperature process plant, 
| most of the refrigeration is supplied 
to 
lent 


room 


by exhau ting gases 


warming 
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temperature im 
heat exchangers 
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Without the use of heat excl angers, 
expanders im an air-liquefaction proc 
ess could produce temperatures down 
to only 150° K., the 
air liquefaction point of 85° K. The 
Joule give a 
temperature 5 to 
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where 
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Fig. 2. Heat exchanger used in hydrogen liquefier 
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exchanger will be of the order of through metal in passing from one gas naced the tubing i A vain hieh 
20° K The temperature differ stream to the other must have small therma pre ure ans Gov through the inside 
resistance so that no appreciable tempera 
ence between the exhausting gas and of the tubes a } pre ire was flo 


ture gradient is required. Effectively, this 


ring wv: n parallel-flow or cross he ax 
entering gas in paral =e means thot the distonce between any part outside the : parallel to the ax 


flow heat exchangers will be of the of either of the two counterflowing gos of the bundle, It is possible with this 
order of 30 to 70% of the above 200° K streams must be within ao few tenths of on type ol heat exchanger to achieve 
inch of the other stream. For large heat temperature difference between two 
exchangers this involves complicated mani rsa treams of only 3 to 10° K. when 


Fig. 3. Cross section of Collins tube 


heat exchanger folding problems is is cooled from room temperature 
3. The flow through all sections of the heat t the boiling point of liquid nitrogen 
exchanger must be nearly equal since, if 80° K 1 temperature change of 2H) 
a large part of the flow were to channel . 
through one section of the heat exchanger, degree t of heat exchanger 
a large port of the surface area might be lost apy ible where there . 
useless. Also, much of the warming gos reat difference in the pressure of the 
may not have access to the gas being two va tream lhe gas-flow area 
cooled | if le it t! it 
4. The pressure drop through the heat ex out » the tebe ind the path lengt! 


changer must be made as small as possible 
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+ ' 
Consequently, there is a demand for ¢ EE prohibitive \s a result - 
‘ bee lee dl bine 
the development of better heat- paralicl-flow and crossflow heat ex- #*i8 of the tube bundle, which is held 
exchanger type lhe old shell-and hanget are not used and « entiall i i 
must he « ha wed so that the ga 
tile ype heat exchanger 1 not suit ] 
gas-lo-ga eat flow il not channel lhe methad of 
Be 
‘ 
i lar great perhap m the ratio 
In typical low-temperature lant of 10 or 20 to 1, If the pressure is 
heat exchanger the enter much greater tor the No tream 
ha id pre ure va being cooled by an however thie pre ure aro i i 
Ww ras expansior used to produce re ressure t i trea wh 
frigeration in either an ext ont of anger ¢ usefu 
Ajit a vapor le ora pre ire te ind ire till 
on proce I ire | is a picture of nm mag ipacity liquid-air 
in old Ha pson coil type heat ex ‘ t t n plant 
changer Hleat ingers o! this t pe rure 4 ind how ome 


examples of more modern heat ex 


changers, These all pack a large area 


into a small volume 

Figure 3 shows a cross section of 
the Collins heat exchanger (1) 
manufactured by Joy Manufacturing 


( compan y 


tube 


It is tubes filled 
with a packing soldered to the walls to 
give added The packing is a 
spiral flattened wire. The packing also 
pressure drop 


made of concentric 


surface 


increases the 


Ihe net result is an increased heat 


transfer far outweighing the detri 
ellect ot 


Ihe counterflowing vases pas 


mental increased pressure 
drop 
through alternate concentric tube pas 
saye 

In Figure 4 is shown the component 
another high-efficiency heat 

the McMahon pertor ited 
plate heat exchanger (2) de velope d at 


Arthur D. Little, In 


parts ot 


This heat exchanger is composed of 
a stack J) of perforated plates, A and ( 
wasket iB The counter 
flowing gas streams are kept 
from each other by the gasket in alternate 
rectangular passage in The 
Heat flows through 


separated by 
separate 


plates 
are a good conductor 
between the passages al 
Heat flows poorly 
since the gaskets are 
actual heat 
would consist of a stack of plates and 
gaskets 3 to 10 fit held 


COMIPTESSIVE 


the plates 
though the 
end 


gas cannot 
end to poor 
conductors An exchanger 
long, together 


under appreciable lorce 


cross-set 


heat 


In Figure 5 is shown a 


view of a typical ‘Trane 


(4) 


tional 


exchanget made by the Trane 
Company 


The 


Oppo ite 


pass in 
tr ip 


counterflowing gases 


directions in alternate 
heat 


fining are 


sections of the exchanger. Dif 


ferent types of available 


giving a variety ot surtace areas per 


unit volume and of pressure drops pet 
unit length. Surface areas as high as 
500 sq it./eu, tt 


exchanyet are 


are available. These 


heat made of brazed 


are usable up to 
600 Ib sq. 


in low-tempera 


aluminum 


pressures of and have 

widely 

ture work 
lhe extended-surface heat exchang 


ers described by no means cover every 


been utilized 


proce 


type available but are presented to give 


a general idea of what has been done 
With heat exchangers of these types, 
one can obtain temperature differences 
of a tew degrees when operating over 
a temperature range of hun 
dred degrees with surprisingly small 
these 


several 


volume lypically, extended- 
surface heat exchangers are expensive 
high as $500/cu. ft 
However, a foot 
300 to 500 sq. ft. of 
resulting 


will 


Costs may be as 


will contain 
surface and the 
Saving im retrigeration costs 


justify the construction cost. 
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Heat exchangers are complicated in 
construction. Many segments such as 


the separate passages of the Trane 
to be built close 


other 


heat exchanger have 


together but sealed from each 
A regenerator set, with a wide applica 
tion in low-temperature process work, 
replaces the heat exchanger and re 
quires none of its complexity of manu- 
facture. 

In Figure 6 is shown such a re 


generator set 


The 


one cylinder 


gas to be cooled passes through 
cooled by a packing 
heated in the 


and 1s 
which is slightly 


The exhausting gas 


material 
operation 
through the other cylinder and is heated 
back to room temperature by contact with 
slightly in 


passes 


the packing which is cooled 
The packing material may 
aluminum 


the operation 


be simply small iron, steel, or 


even uniiorm 
surfac e 


balls, corrugated metal, ot 
sized pebbles. It is best if the 
area is large per unit volume to give 
good heat transfer, and if the heat capac- 
large so that the 


changes as 


ity per unit volume is 
temperature of the 
little as possible 
After a short period of time, the 
switched between the 
cylinders The packing that 
heated in cylinder No. 1 is 
heats the 
packing in cylinder No 
now heated as the entering gas 


packing 


flow 
of gases 1s two 
being 
then cooled 
exhausting gas, and the 
2 that was being 


was 
as it 


cooled is 


is cooled, By fairly rapid switching one 


may keep the temperature of the packing 


from changing by more than a_ few 
degrees 
he net 


rewenerators 


effect of the set of 


automat 


reversing 
with switching 
equivalent to that of a 
The 


near 


valves is exactly 
heat 


hausting gases are 


and ex 
other in 
than 


entering 
to each 
rather 


exchanger 


Same position, 


time 


time in the 


in space at the same 


Regenerators—Advantages, 
Disadvantages 


It is obvious that a regenerator will 
than the highly 
heat exchangers referred to. A 
ful of 
make than the extended 
Reliable, rapidly act 


ethcient 
tank 


easier to 


be less costly 


certainly 


urtace p icked 


pebbles is 


heat exchangers 
ing but tight-switching valves may be 
Regenerators, 


costly however 


ire used only in rather large 


fairly 
therefore, ; 
applications where the valve cost may 
be allowable 
Nevertheless, 
tages to regenerators 


are disadvan- 
When gas flow 
to the 


there 
is switched from one cylinder 
will occur every 30 sec. to 
in the 
lost 
This 


other (it 


several minutes), the pressure 


higher pressure stream must be 
and the contained gas recycled 


involves a significant power loss if 


the pressure is rather high. As a 


result, regenerators are most applicable 
difference in gas 


where the pressure 


is small. They are rarely used where 


pressure differences are large 
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In addition, regenerators give a cer- 
tain amount of mixing of the entering 
and exhausting gas streams and, as a 
result, contaminate the gas product 
rhis limits the application of regen- 
Most of 


low-pressure, 


erators them are used in 


large-scale low-purity 
plant applications 

Regenerators may be designed to 
give temperature differences of only 
a few degrees in almost any applica- 
tion 

It was stated previously that heat 
exchangers supply more refrigeration 


Also, 


they can do a large part of the purifica 


than the refrigerating machines 


tion job when the impurity level is 
quite low. 

through the heat 
of the gas 


As the gas passes 
exchanger, the temperaturé 


goes below the pressure of the 


impurities and they start liquefying or 


vapor 


freezing out on the surfaces of the 


heat exchanger. Arrangements can be 


made to remove the collected impuri- 


ties in several ways. Two parallel heat 


exchangers may be used so that one 


may operate while the impurities are 


removed from the other 


Reversing Heat Exchangers 


Another method is to reverse at 


various time intervals the channels 


entering and exhausting gas 


In thi 


the entering ga 


used by 


streams way impurities from 


tream are deposited 
for a period and then the impurities 
are picked up in the exhausting gas 
tream while impurities are being de 
flow channel of 


These are 


posited in the other 


the heat exchanger well 


known as reversing heat exchangers 
Such a method could be used only in 
a system where it is permissible to 
back in the ex 
This might occur 
plant 


per 


have the impurities 


hausting gas stream 


in an air-distillation oxygen 


where the impuritie could be 


mitted in the exhausting nitrogen 


In regwenerators the frequency of 


determined by the 
than im 


reversal is heat 


transfer rather 


purity-removal requirement 


requirement 
Thus im 
purity removal is an automatic feature 
of regenerators. This may be a dis 
advantage if impurities must be kept 
out of the exhausting gas. Recent de- 
velopments may make it possible to get 
around this difficulty by the use of a 
hybrid unit which is a combination of 
and 
taken not to overem- 


heat exchanger reyvenerator. 


Care must be 
phasize small temperature differences 
in heat exchangers. Emphasis is im- 


portant, but it can be overdone. A 


study should be made in each case to 
heat-ex- 


heat- 


determine the approximate 


changer area to use. The more 


exchanger area used, the smaller the 
will be, and 


temperature difference 


| 
4 
= 
| 
| 
| 


the less the will 


will 


ind the principal 


retrigeration cost 
involve 


obrect 


Increased area, however, 
increased cost 
in any process plant is minimum total 
cost 
The 
thetical 


shown in 


cost picture for some hypo 


heat-ex 
Figure 
and re 


heat exchar 


changer 


cause ot ver inethcency, 


The e 


directly 


hanger 


are plotted vs. area 
propor 


costs are plotted as 


tional to area and the refrigeration 


costs are plotted a re tune 


the 


inverse 
tion 
total-cost c ¢ 


mum 


apparent trom 
there is 
} 


nanyet 


an opt 


to use 


heat exe 


this 


may be 


amount ol 
that 
significant 


and optimum by a 
costly It 


in either 


missing 
margin 
might be expensive to miss it 
direction. The optimum may vary con 
siderably with factors like temperature, 
relative heat capacities of the two gas 
streams, the particular-type heat ex 
changer being used, expected life of 
plant, et Such 


careful 


problems require 


study I his subject is treated 
in more detail (23 

In summary, low temperature proc 
essing is made possible principally by 
the skillful use of high-efficiency heat 
exchanger In planning a low-tem 
heat 


a quite different 


perature process, one must view 


transfer problems im 


way from what the practice in more 


typical chemical-plant work has been 


Loss of refrigeration represented by a 


temperature difference between two 


GAS TO BE COOLED 


Fig. 6 


Regenerator 


COLO GAS 


ras streams of more than a few degree 


Fahrenheit must be considered 
sirable 

here number of type 
heat ex 


method 


are a 
modern high-efheiency 
ers and heat-exchanye 
small 


When 


ome ot t! i 


can make refrigeration 


possible one stucle the 
formance ot 
it becomes surprising to tit d how « 
it is to conserve heat 
Study of low 


heat -« 


ten pet iture 


xchanye method 


proce 
le id 


ve procedure 


better hae it-exchat 


veneral chemical pl int worl 


unde 


equipment 


ind retrigeration 


ny 


to 


it} 


LOW TEMPERATURE 


HEAT EXCHANGER ARCA 


Fig. 7. Heat exchanger and refrigeration 


costs vs. area 
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DRYING AQUEOUS SODIUM SULFATE 
IN THE JET SPRAY DRYER 


Last month in CEP authors Comings 
and Coldren described the design 


of an unusual spray dryer and ex- 


plained the details of its operation. 
This article is an account of the ap- 
plication of an improved model to 
the drying of a sodium sulfate solu- 


tion. 


HLA 
E. W. 
and J. 


Comings, 
Myers 


Purdue University, Lafayette, Indiana 


Fig. 1. High velocity spray dryer. 


McLain,* 


gon ome of the jet spray dryer 
has been described by Coldren and 
Comings (J1]) as a modification of the 
(12). The 


an im- 


high-velocity vaporizer 


dryer discussed in this article is 
proved model which provides for more 
uniform operation over wider ranges 
and air-flow rates. It 


sodium-sul fate 


ol temperature 
to dry 
solution, a suspension of Serratia mar- 
(Ila), 
and eggs. The jet spray dryer 
produces solid spherical particles 
about 5-~ diam. These have been dried 
rapidly in from 3 to 30 millisec. The 
pattern and the path of the 
individual particles are known and 
subject to control so that no particle is 
hot dry- 


has been used 


cescens which is a bacterium 


milk, 


air-flow 


subjected to reheating in the 
ing zone. Because of these unique fea- 
tures the jet spray 
heat-sensitive material without damage. 

Wall deposition of the product is not 


a problem under the proper operating 


dryer processes 


* Present address: Oak Ridge National 
Laboratory, Union Carbide Nuclear Company, 
Oak Ridge, Tennessee. 


PRIMARY 


= 
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warer 
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conditions. High primary-air tempera- 
tures and high feed 
found to be desirable. An 


rates have been 
amount of 
unheated secondary air about ten times 
entrain- 
In a 


a solution of 


the primary air is required as 
ing air for the 


series of runs made 


primary-air jet. 
with 
sodium sulfate most of the drying took 
If the 
perature at the lower end of the drying 
tube than that of the 
secondary air, the drying of the sprayed 
under the 


place in the primary air tem- 


was much les 


droplets was incomplete 
operating conditions employed. 

product 
was composed of fine, solid 
, and its moisture content was 
cent 


The dried sodium-sulfate 
spherical, 
particles 
almost always less than one per 
The mass particle-size distribution of 
the dried product was found to follow 
function 


diameters 


the log-normal-distribution 
The geometric 
for particles varied from 3.2 to 4.4 p 
and the geometric standard deviations 
Volume-to- 
product 


-MmMass-mean 


were approximately 1.5. 
surface-mean diameters of the 
were determined from these two par- 
ameters. Predicted volume-to-surface- 
mean diameters were also calculated 


vacuus 


FEEO TANK 


ROTAMETERS 
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+ 
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MEATERS 
on 
S'taw evectarc 
HEATERS EATER Ls 7 
SPRAY Tye 
t 
4 
7 CYCLONE SAMPLING we 
-_ >< system 
j 


Tanasawa 
The 


measured and predicted diameters of 


the Nukiyama and 


equation and a material balance 


trom 


the dried particles were found to be in 
good agreement. Results from the 
analysis of variance of the geometric- 
further confirmed the 
the Nukiyama and 
Tanasawa equation (29) and a mate- 
rial balance for the prediction of the 
size of the sodium-sulfate product. 
The heat 
more satistactory operating conditions 
those of spray 
dryers by a moderate amount. Power 
are considerably higher. However 
and food 
be worth- 


mean diameter 


effectiveness of 


requirements under the 


exceed conventional 
cost 
biologi al 
milk 


superior product quality is of 


applications to 


product such as may 


while if 


primary importance 


Experimental 
A schematic diagram of the equip 
ment is shown in Figure 1, and a 


photograph is shown in Figure 2 


30-cu. ft/min. Roots-Connersville 


cycloidal blower supplied the primary air 


at 15 Ib./sq. in. gauge. The secondary air 
at 2 lb./sq. in. gauge was provided by a 
1,400 cu. ft./min. North American turbo 


heaters and a 25.5 
heater 


to temperatures 


blower Aerofin stean 
kva. electric 
to heat the 


up to 700° F 


resistance were used 


primary air 


Details of the jet dryer are 


shown in Figure 3 


~pray 


The drying unit consisted of a primary 
air tube, a liquid myector assembly, a 
secondary-air annulus, and a drying tube 
The entered at the top of 
the dryer through a 


primary air 


and passed down 


brass pipe to a stainless-steel nozzle. The 
nozzle was a standard A.S.M.E. long 
radius, low-ratio nozzle (4) with a 
0.65-in. throat diameter. Pressure taps 


Fig. 2. Photograph of the spray dryer equipment 


at 


thermocouples 


and constantan 
were 
and nozzle as 


secondary air 


copper 


installed in the primary-air tulx 


shown in Figure 3. The 
enters through 
top ot the 
parallel to the pri 


two O im 


ducts near the dryer and flows 
through an annulus 
mary air as she 


The liquid solution or suspension to b 


wn in Figure ! 


dried is injected into the h 
stream at the throat of the 


ing through a water-ja 


injector assembly shown in Figure 4 


Atomization and the drying action start 
at this point Phe up of the liquid-injector 
assembly was located '4-in. back from 
the primary-air-nozzle exit A copper 
constantan thermocouple encased in 16 
gauge hypodermic tubing was inserted 
in the liquid-feed-injector tube so that the 
junction of the thermocouple was within 


1 in. of the liquid-feed-nozzle outlet. The 


liquid-feed temperature was measured 


with this thermocouple 


Primary air and the atomized parti 
cles surrounded by the secondary air 
flow into a stainless-steel drying tube 

This tube is 8 in. in diam, and 6 ft 


long The primary air and the atomized 


particles form a jet which behaves sim 
rather to a jet wu 


takes 


ilarly to a free jet or 
a duct (1, 3, 37) 
rapidly in the jet as it 


Drying place 
spreads out and ts 
time the jet 


essentially complete by the 


reaches the drying-tube walls Phi 
about 17 to 21 in. In the re 
maining length of drying tube the drying 
and = the 
and the dried particles are 


eccurs m 


is completed primary air, the 


secondary air 
thoroughly mixed 


After drying, the air suspension of the 


dried material passes from the drying 
tube through an 8-in. stainless-steel duct 
about 10 ft. long to the collection system 


collection 
system consisted of Orlon bags followed 
filters Phi 


shown in Figures 1 and 2. The 


in series by deep-bed fiber 
system was designed primarily for clean 
stream and not for the 


ing the exit-au 


recovery of the dried product 


APART 


120° 


4 THERMOCOUPLES 
90° APART 


Fig. 3. Approach section of the dryer 


3 CENTERING SCREWS 
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The liquid feed was stored in a 25-gal 
stainie tec! tanh The tee was pumped 
through a Spr in filter (contaming 
a cotton gauze pad), and then through 
a rotameter to the liquid-injector assembly 
by a Zenith 20k metering unit equipped 
with a Type BC-4605 stainless-steel gear 
pumy 

Samples for moisture determination 
were drawn from the air stream through 
l-in. LD. gla cyclone by a large 
va um Iw mes were ope 
ated simultaneously, one located 65 in 
downstream from the primary-air nozzle 
and the other at the inlet to the collection 
system The ample were drawn 
the glass cyclones from the air stream 


through probe made trom 16-gauge 

in, O.D. stainless-steel tubing. Dried 
pow ler trom the cyclones was 
collected in gla test tubes 

Femperature profil were measured 
with a bare copper-constantan thermo 
couple. This thermocouple protuded trom 
a '4-in. stainles teel thick-walled tubs 
which was mounted on a traversing 
mechanism, Temperature traverses were 
taken at seven positions along the drying 
tube beginning at 6.5 in. from the nozzle 

Two to three hours were usually re 


quired to reach tate 


teacdy 
time the 


were adjusted to the ce 


oper ition 
and during th temperature 
and air rate 
Betore farting to dry 
distilled water was fed fit 


10 min. at the 


sired value 


t to the dryer 


for about ame rate a 


planned for the liquid solution or 
suspension The liquid solution of 
suspension was then switched to the 
dryer without any interruption in the 


The cys lones collected 
about 1 hr. and this mate 


liquid flow 


sample for 


4 STATIC PRESSURE TAPS 
APART WOT IN LINE 
wiTH THERMOCOUPLES 
3 1716 

THICK (20° APART 


STATIC 
TAPS 
WOLES 


PRESSURE 


THERMOCOUPLES 
APART 
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rial was analyzed for moisture content 
by drying a sample to a constant weight 
at 110° C, The dryer was partially dis 
assembled, washed clean, and assembled 


alter each run 


Results 


Table 1 shows the significant runs 
with the use of 5% aqueous sodium 
sulfate solution. The secondary-air 
rate for these runs was approximately 
5,000 Ib./hr. No deposition was ever 
found around the primary-air nozzle. 
Wall deposition is classified from very 
small to considerable, and the distance 
downstream from the nozzle for the 
first trace of deposition to appear on 
the drying-tube wall is called the initial 
light deposition. The distance down 
stream from the primary-air nozzle 
where initial uniform deposition be 
came more noticeable is indicated and 
the thickness of the deposition at this 
point is called the thickness at the 
uniform part. This deposition was uni- 
form with no noticeable excessive de 
position on one side of the drying tube 
such as was reported by Comings and 


Coldren (11). The thickness of this 
uniform part was constant in the dry- 
ing tube for a length of 4 to 5 in. This 
deposition thickness then usually ta 
pered down along the rest of the length 
of the drying tube, and the measure 
ments of this thickness at the lower end 
of the tube are called the depo ition 
thickness at the end of the drying tube 
Outlet-air temperatures were measured 
in the bare-thermocouple traverse at 
65 in. from the nozzk 

The initial wall deposition given in 
Table 1 corresponds to an angle of 
pread of the atomized spray of from 
17 to 25°. Elgert (15) noted that the 
econdary- to primary-air ratio exerted 
an important influence on the wall de 
position, and he recommended a ratio 
of at least 10 to eliminate wall deposi- 
tion. It was found here that high sec 
ondary- to primary-air ratios elimi 
nated the wall deposition when other 
conditions were favorable. Deposition 
began to be appreciable for the runs 
with 350° F. primary air, but with 450 
and 550° F. primary air there was only 


a small amount of solid deposited on 


Table 1. 


Meture of 
th depevition * 


Primary aly temperature, 190° feed rete 70 gal ‘hy 


4% 


tite 
w te 


Pump trovble water weed intermittently 
' 


Primary temperature, 490° feed rate 30 gal 


oo 
wo 
490 


Primarya temperature, 190° feed rate 20 gal /hy 
400 
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the wall and this was 1/16 in. or less 
thick Secondary air temperatures may 
be low, and satisfactory heat economy 
may be obtained with ; igh ratio of 
secondary to primary air 

The thermocouple traverse at 6.5 in. 

howed a peak about 4 in. from the 
center line due to the high temperature 
of the primary air and indicated that 
the wet spray had not reached the pe 
riphery of the primary-air jet at this 
section. When the wet spray comes in 
contact with the thermocouple probe, 
the probe remains wet and the wet-bulb 
temperature of the air is measured 
This is not the exact wet-bulb tempera- 
ture due to the use of saturated sodium- 
sulfate solution (25) instead of water 
on the thermocouple. At 19.5 and 26 
in. the primary-air jet has reached the 
wall. This agrees with the calculations 
which follow. At 52 in., nearly all the 
sprayed material was completely dry 
by the time it reached this point. The 
temperature profiles near the nozzle are 
unsymmetrical for all the runs with 
this spray dryer (27, 37). Klar (23) 
found that the inlet secondary-air ve- 
locity was not uniform, but that the 
velocity was somewhat greater on one 
side of the center line 

The heat added per pound of drying 
air for the sodium-sulfate runs is 
hown in Table 2. The combination of 
i high temperature primary-air stream, 
a high rate of feed, and an unheated 
econdary-air stream gives the desir 
able combination of satisfactory opera 
tion and lower heat requirements, 

The moisture content of the dried 
sodium-sulfate product collected by the 
sampling cyclone was less than 1% for 
almost every run. These measurement 
did not show any trend although the 
cyclone samples from runs with incom 
plete drying may not be representative 
because of the vosition of undried 
product in the sampling probe. In the 
majority of cases, the moisture content 
of the sample collected by the cyclone 
further downstream wa lightly less 
than that collected by the upstream cy 
clone. This is to be expected as these 
particles were exposed to drying for 
longer periods of time 


Particle-Size Analysis 


The particle size of the suspended dry 
powder was measured by a_ cascade- 
impactor sampling system \ cascade 
impactor was used for determining the 
particle-size distribution of the dried 
product. This was a standard model im 
pactor manufactured by ( Casella 
Ltd. The inlet to this instrument was 
modified for connection to the sampling 
system, as suggested by Laskin (24), and 
a filter-paper stage was added to the 
exit of the impactor \ quick-opening 
sampling valve was used to limit the 
amount of sample admitted to the im 
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Primary-air temperature 


Primary-air temperature, 


Secondary 
air Primary-air 

femperature, rate, 
Ib./hr. 

400 

125 450 

500 

400 

175 450 

500 

400 

125 450 

500 

400 

175 450 

500 


Primary-air temperature, 


temperature, rate, 
Ib./hr. 
400 
125 450 
500 
400 
175 450 
400 
125 450 
500 
400 
175 450 
500 


Secondary air Primary-oir 
temperature, rate, 
Ib./hr. 
400 
125 450 
500 
400 
175 450 
500 
400 
125 450 
500 
400 
175 450 
500 


Feed rate 2.0 gol./hr. 


Table 2.—Heat Added per Pound of Water Evaporated 


350° F. 450° F. 
B.t.u. added B.t.u. added 
Ib. water evap lb. water evap. 
4,990 4410 
4,560 5,210 
4,020 5,150 
7,700 8,660 
8,520 8,560 
8,250 10,010 
Feed rate 3.0 gal./hr. 
2A10 3,760 
2,510 3,130 
3,530 3,850 
6,080 5,900 
5,240 6,220 
5,950 5,060 


350° F. 


Secondary air Primary-oir 


Feed rate 2.0 gal./hr. 


450° F. 


Dy, 


3.5 1.54 
3.6 1.50 
3.3 1.52 
3.5 1.49 
3.5 1.40 
3.3 1.46 


Feed rate 3.0 gol./hr. 


1 
1 


5 
6 
5 
5 


1.50 
1.51 


43 1 
41 
3.5 1 
40 14 
40 1.5 
3.3 15 


Feed rate 2.0 gal./hr. 


350° F 


43 
40 
36 


Feed rate 3.0 


45 
40 
3.6 


44 
40 
36 


450° F 
D, 
3.2 39 
3.4 3.5 
3.2 
3.4,3.0 3.3 
3.1 3.3 
3.3 
3.2 3.9 
3.3 3.6 
3.1 3.3 
gol./hr. 
4.0 38 
38 36 
3.2 3.2 
3.7 40 
3.7 36 
3.0 34 
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Table 4.—Volume-surface Mean Diameter Dy, and D, calc. 


550 F. 


B.t.u. added 
Ib. water evap. 


Table 3.—Geometric Mass Mean Particle Diameter Dy, and 
Geometric Standard Deviation 


550 F. 


Table 4. These values were compared 
with the predicted values Dyg car. T° 
obtain these, the predicted volume-to- 
surface-mean diameters of the wet 
atomized-liquid feed Dyg were first 
calculated by the Nukiyama and Tana- 
sawa equation (29, 30) with the use 
of the data for sodium-sulfate solutions 
from the International Critical Tables 
(21). The volume-to-surface-mean 
diameters of the dried product Dyg cate. 
were then calculated from Dyg by using 
a material balance. For this balance, 
a density of 1.03 g./cc. was used for 
the 5% aqueous sodium-sulfate solu- 
tion, and a density of 2.70 g./cc., for 
the dried sodium-sulfate product. The 
material balance is represented by 


7 
(1.03) (.05) —— Dy 
6 
7 
(2.70) Dyg car. 
6 


or 
Dye catc. = 0.267 D yg (4) 


Results of these calculations are also 
found in Table 4. The agreement be- 
tween the two diameters, Dyg cai and 
Dy, is good. The greatest difference 
between these is for a primary-air tem- 
perature of 350° F., but even this dif- 
ference is not great. 

The effects of the primary-air rate, 
the primary-air temperature, the sec 
ondary-air temperature, the feed rate, 
and their interactions on the geometric- 
mass-mean diameter were considered 
by the analysis-of-variance method 
(14, 17). Results of these analyses 
showed that the primary-air rate and 
the feed rate were of some importance, 
and the primary-air temperature was 
of major importance in the determina- 
tion of the size of the dried particles 
All the other variables and all the in- 
teractions were found to be of no sig 
nificance. The primary-air rate was 
not varied over a_ sufh iently wide 
range to assess fully its effect. An in 
crease in the primary-air temperature 
and the primary-air rate caused a de 
crease in the geometric-mass-mean 
diameter. This is to be expected since 
the Nukiyama and Tanasawa equation 
indicates that the dried-particle diam- 
eter decreases with an increase in 
primary-air velocity, which in turn in 
creases with higher primary-air rates 
and temperatures. There was slight 
increase of particle size with an in 
crease in the feed rate. 


Calculation of Drying Time 


The time required for the droplets to 
dry will be calculated for the conditions 
used in a typical run. The distance 
traveled by the droplets may then be 


5,110 
5,430 
6,910 
8,560 
8,730 
10,790 
3,330 
3,890 
4,000 
5,570 
6,870 
6,490 
Dy, | Dy, 
37 1.50 3.5 
: 44 1.39 3.2 
43 1.44 3.5 
42 1.36 36 
37 1.49 33 
33 1.51 34 
4) 1 37 
38 1 35 
4) 4 3.2 
4 43 8 34 
i 38 3 37 
3.5 1 34 
¢ 
550 F. 
D, care Dy, Ova cate 
34 43 3.2 34 
a 42 40 29 32 
39 36 3.2 3.) 
40 3.4 3.46 
| 34 31 3.2 
31 3.1 31 
38 3.5 35 
34 3.2 32 
37 2.9 3.0 ee 
39 3.1 34 
~ 35 35 32 
3.2 3.2 3.0 
3.2 


calculated from the calculated drying 
time. The calculated distance is then 
compared with the observations in the 
drying tube. These calculations are an 
aid to understanding the operation of 
the jet spray dryer and will be useful 
in scaling up the design for larger 
capacity. 

The steps in the calculation consist 
of (a) predicting the velocity distribu- 
tion in the drying tube, (b) calculating 
the initial volume-to-surface-mean 
diameter Dyg of the atomized droplets, 
and (c) integrating the heat transfer- 
heat balance differential equation for a 
particle traveling along a_ predeter 
mined path through the drying tube 
This gives a calculated value of the 
time of drying along the predetermined 
path. Since the axial component of the 
velocity is known as a function of the 
distance along the chosen path, the dis- 
tance traveled by a particle during dry- 
ing is determined by integration. 

In this method of 
assumptions inherent are that: (1) the 


calculation the 


axial component of velocity may be 
represented by the root 
mean-square velocity neglecting the 
effect of the fluctuations on the heat 
balance, (2) Equations (7) and (8) 
below with the spreading coefficients 
used apply under the 
conditions in the drying tube, (3) the 
as pure 


adequately 


nonisothermal 
droplets evaporate essentially 
water and the effect of the sodium sul 
fate on the wet-bulb temperature of the 
drops and the extent of a falling-rate 
period are second-order effects. 

The spread of momentum, heat, and 
turbulent 
jet in a duct has been con 
sidered by others (7, 2, 3, 6, 7, 10 
16, 23, 35, 37). Their methods will be 
used to calculate the velocity distribu 
The velocity 


mass by diffusion in a free 


jet and ina 


tion in the drying tube. 
along the axis of an isothermal free jet 


(1) may be represented by the relation 


> ~ 
t 
tN 
~ 


The distribution of the axial component 


of the velocity along a radius for the 
same case is then given by 

] r \? 

exp ( | (6) 
Ses” | a 
For a jet in a secondary-air stream 


which moves with the velocity tg, 
Equatior (5) and (6) may be written 


2.0 Ue)* d 
(/) 
Ug )* 


and 
] ( r y | 
— exp. 


Measured values of c? as a function of 
Ug/U,, are given by Ashmus (6) and 
by Kivnick (22) for isothermal flow 
of a jet in a secondary-air stream as 
represented by Equations (7) and (8). 
These values will be used to calculate 
the axial-velocity component distribu 
tion in the drying tube. The volume-to 
surface-mean diameter Dyg is calcu 
lated from the Nukiyama and Tana- 
sawa equation 

The conditions used in a typical run 
were as follows 


Primary-oir nozzle 


diameter 0.65 in 
Feed rate 2.50 gal. /hr 
Solids in feed 2.9% 
Feed temperature 125° F. 


114 cu.ft. /min 
(60° F. and | atm.) 
Primary-air temperature 504° F. 
Primary-air velocity 
through nozzle . 
Secondary-air rate 


Primary-air rote 


1,385 ft./sec. 
1,000 cu.ft./min 
(60° F. and 1 atm.) 
Secondary-air 
temperature 


123° F 
Drying-tube diameter 


8 in 


The axial-velocity component vs. the 
radial distance from the centerline of 
the drying tube at four positions along 
the drying tube is shown in Figure 6 
The calculated initial mean drop diam 


Thi 


diameter of the dry-solid 


eter Dyg is 11.5 p will decrease 


to a mean 
sphe res of 3.53 # 

The time required for the sprayed 
calculated from 


to the 


droplet to dry wa 
the rate 
of the droplet in a manner 
that described by Marshall and Seltzer 
(26, 32) The heat transfer 


lor spheric il drops 


nl) 
pyre 


of heat transfer urtace 


imular to 


equation 


dé 
or 
dj) 2h 
(7 ‘ Vy) (10) 
dé Ap 
The value of A in Equation (10) may 
be estimated from the equation recom 


mended by Ranz and 
for heat transfer to 


tituting values 


Marshall 


phere After sub 
O! py ind p, lor 
in average film temperature of 200° | 


thi equation become 


11,000 ( i ) 
h 


The time of drying and the d 
traveled by the dre 


mined for two paths through the drying 


(11) 


tance 


deter 


ss will be 


tube. The first path will be along the 
axis of the tube: the second will lk 
along the boundary between the pre id 


ing jet and the secondary air. These 


should provide the two extremes that 
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Rade Powthon, mores 


Fig. 6. Velocity vs. radial position 


encounter in the course 
of drying. The first case will be calcu 
lated on the that the 
not involved im the heat transfer 


droplets may 


basi econdary 


uri 
heat balance considerations; and the 
droplet temperature 7, is the wet-bulb 
temperature of the primary air until 
drying is complete. 7, is 125° F. An 


enthalpy balance for the droplets and 
written to 
temperature 7, corre 


drop diameter D along 


the primary air may be 
obtain the air 
sponding to any 
the axis of the drying tub 

At the 
of 1.385 ft ec. and an initial particle 
O00 19270 


{ the 


i nozzle velocity 


nozzle with 
4 
At the end « 


| the ve 


ize of 11 h 
from Equation (11) 
path the drops have attamer 
and the 
ty zero. For ID) equal 
4100-44 $100. An ay 
h $010 together with A at 12 I 
of 1,022, p, of 624, are sul 


(10) giving 


relati e velox 


hi 


locity of the air 


eTupe value of 


titute dom 


Equation 


4 
= 
oo 
fa 
pod 
Ap 
(12) 
116 
\ drying time of 2.38 ¥ sex Wal 
btained by the graphical integration 
of th equator 
The length of travel required for the 
droplet to dry may be found by using 
the relation hetween the eclocity u, 
relatiot 
da 
(13 
u, 
(8) SE Integrating graphically, x is found to 


downstream from the nozzle 
econd case, the following 


be 21 in 
For the 

conditions were used: 

secondary-air velocity, 53.5 ft./sec. 

secondary-air dry-bulb temperature, 
123° 

secondary-air wet-bulb temperature, 
70° F. 

the enthalpy of vaporation at 70° F., 
1054 B.t.u./Ib. 

employment of the 
in the first case but with 


With the 


average ha 


consideration that droplets are exposed 
to the 
ondary air, Equation (10) become 


lower temperature of the se¢ 


3.53) * 3,600 


Ap, ( 11.5 
2x(T, 
18.8 
These droplet 
53.5 ft 
an alternate. calculation for the 
that the 
immediately come to the velocity of the 


x 4,100 
(14) 


12 in. at a ve 


Ip) * 
sec. 
travel 
len itv ot before be« oming 
dry. A 


second case a 


/ 


droplets 


air stream and the relative velocity i 
alway Then the 
the right of Equation (11) i 
3,600 Ap, 


70TO econd term on 


zero, and 


1) coe (15) 


11.5 


and these drops travel 26 in. before 
becoming dry 

Calculations indicate that the drying 
! approximately at the same sta 
completion across the duct at any pat 
ticular axial distance downstream from 
the Also 
plete within 2 ft. from the nozzle 
the 


has spread to about an 


the drying is com 
The 
primary-air tream 
8-1n 


nozzle 


periphery of 
diam. at 
ligure 6 


this point as shown in 


Therefore, the use of an in. drying 


tube 1 atistactory according to these 


calculation 


This illustration is consistent with 
the available information for the jet 
spray dryer. In this typical run the 
drying was nearly complete at 19.5 in. 
downstream from the nozzle, and the 
Ihe 8-in. 
for 


wall deposition was small. 
drying chamber was satisfactory 


this run. 
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Statistical 


Electron - microscope 
taken by G. O 
analysis of the partic le size and operat 


were Gale 
ing data was done by the Purdue Uni- 
Statistical Laboratory The 
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erick, 


Notation 
c spreading coefficient for momentum, 
dimensionless 
heat 
pressure, B.t.u./lb 


capacity of air at constant 


empirical correction factor for re 
sistance of air to the movement 


of small particles 


c=14 "1.234 


0.41 exp. (—.44 D/L)} 


for 0.1 « ( <— 134 
D 


diameter of primary-air nozzle, in. 

particle diameter, u or cm.; D’, in ft 

geometric-mass-mean diameter, mi- 
crons (u) 

geometric-number-mean diameter, 


volume-to-surface-mean diameter, (u) 


volume-to-surface-mean diameter of 
liquid droplets predicted by Nuki- 
yoma and Tanasawa equation, 


microns (4) 


volume-to-surface-meun diameter of 
dried solid spheres as calculated 


Dv, eale 


from solids content and D,,, mi- 
crons (u) 
conversion constant 
heat-transfer film coefficient 
B.t.u. 
(hr.)(sq.ft.)(° F.) 
average thermal conductivity of gas 
film surrounding an evaporating 
(B.t.u.)(ft.) 
(hr.)(sq.ft.)(° F.) 


a constant 


dro 


mean free path of air molecule 


Prandtl number Cpity/ ky 

absolute pressure of air 

radial distance from axis, in 

air temperature, F 

droplet temperature, ° F 

secondary-air velocity in axial direc- 
tion, ft./sec 

velocity on x axis or along the cen 
ter line, ft./sec.; uv, ,, axial com- 
ponent at radius r and axial dis 
tance « 

primary-air velocity at nozzle, ft 
sec 

air velocity through jet of impactor, 
ft. / sec. 

relative velocity between gas and 
liquid, ft./sec. 

velocity of air 

BPg 

molecules { 


average molecular 


cm./ sec. 


axial distance from exit from pri- 
mory-air nozzle, in 


Greek letters 
= time 
latent heat of vaporization, B.t.u./tb. 
air viscosity, poises 
liquid viscosity, poises 
density of gas surrounding droplets, 
Ib. /cu.ft. 
liquid density, Ib./cu.ft. 
geometric standard deviation 
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Fig. 5. Cost reduction by increase in both 
average heat transfer flux and irradiation level. 
Basis: reactor power, 250 mw.; 

diameter, 6.5 ft 


reactor core 


HEAT TRANSFER ECONOMICS 


as related to design of nuclear fuel elements 


A probe into the future of one phase of nuclear power 
plant operation suggests a tentative result: namely, fuel 
fabrication expenses may be in the neighborhood of five 
cents per million British thermal units. In the accompanying 
study, consideration is given to a 250-mw. pressurized- 
water reactor fueled with slightly enriched uranium oxide 
in rod form, clad with stainless steel. 


tudy some variables involved, thei 
effect on tabricaty 

consit d. The 

be to look into some of the 


can be 
here will 
parameters 
which are mnportar t 


en to pre 
the toll 


ify tho irametet vhich can 


Vi ‘ within a w range and 
fix reasonabl \ 
Donald Kallmant n the economi nuclear — 


power plant ystem it interest 
The Babcock & Wilcox Company plore the effes 
New York, N. Y al 


ver a 
they exist tod Draw ertait 
i jew yecatl 
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b) For strength purposes, to withstand vibra- 
tion and internal gos pressures, the stainless 
steel tube wall will probably be 1/10 of the 
tube outside radius, + 30% (or 1/20 of the 
tube 0.0 } 


¢) The volumetric ratio between solid mate- 


rial and water in the reactor core will prob- 
ably be 1.0, + 25%. 

d) The ratio of the reactor core height to 
its diameter will be approximately 1.0, + 
20%. 

e) The uranium oxide starting enrichment, 
for inventory expense purposes, will probably 
be 25%, + 30%. 

f) The uranium oxide value, for inventory 
expense purposes, will be $300/kg., + 40%. 

gq) The nuclear power plant will operate 
7,000 hr./yr., + 20%, for inventory expense 
purposes. 


There are five other variables of im- 
portance. The effect of three of these, 
unit cost of heat transfer surface, 


directly dependent upon the first three. 
The range of variation in these two 
parameters is 


a) reactor core diameter, which will prob- 
ably be 6% ft., +, 50%, and 

b) fuel rod outside radius, which will prob- 
ably be 0.25 in., + 40% (or 0.50 in. in O.D., 
+ 40%). 


The three independent variables 
which can vary over a wide range and 
which are studied here in greater de- 
tail are: 


e@ The unit cost of fabricating the 
tubular fuel element heat transfer surface. 
For stainless steel heat exchangers cur- 
rently in use in the chemical industry, 
heat transfer surface can be purchased 
from $20 to $50/sq. ft, such price 
depending upon the tubing diameter and 
the heat transfer duty of the heat ex- 


Fig. 1. Reactor fuel and core geometry 


average heat flux, and irradiation 
level will be considered over a wide 
range. The remaining two parameters, 
reactor core diameter and fuel rod 
outside radius, vary within a narrow 
range, but they are not really inde- 
pendent since they are directly or in- 


changer. Stainless steel heat exchanger 
assemblies for use when filled with slightly 
enriched uranium, that is, nuclear fuel 
elements, are, as might be expected, much 
more expensive today. However, it can 
be expected that when shop procedures 
for this fuel element manufacture have 
become routine and when manufacturers 


can look upon actual manufacturing ex- 
perience as a demonstration of their 
manufacturing costs, contingencies will 
be reduced These unit costs may be 
considerably less in future years. In this 
study, we shall assume a range in unit 
shop fabrication costs from $200/sq. ft. 
down to $50/sq.ft. It is believed that 
firm quotations can be obtained for fuel 
element fabrication at less than $200/ 
sq.ft. today. However, because of the 
smaller diameter tubing, the filling of 
the tubes with uranium oxide, the need 
for extraordinary testing, and the health- 
physics, criticality, and accountability pre- 
cautions, there is reason to believe that 
nuclear fuel element fabrication costs may 
never quite become as inexpensive as the 
more common stainless steel heat ex- 
changers. Thus a lower limit of $50/ 
sq. ft. is selected 


e@ There are limitations to the heat 
flux which can be removed from a 
tubular uranium oxide fuel element 
These limitations stem partially from the 
fairly low thermal conductivity of the 
uranium oxide and partially from the 
necessary margin which must be observed 
between the peak heat flux location in 
the reactor and the average heat flux. 
The transfer of heat to the pressurized 
water coolant is of lesser concern here 
Here interest lies in average heat fluxes 
from 50,000 to 150,000) Btu/(hr.) 
(sq. ft.). Today the lack of operating 
experience leads to reactor designs near 
or below the mid-point of this range 
However, it can be foreseen that improve- 
ments in the thermal conductivity and 
reduction in the peak-to-average heat 
flux ratio may lead to higher average 
heat fluxes, near the top of this range 
or beyond. 


e Uranium oxide is now believed to 
be generally stable under intense neutron 
irradiation, but the limits of this trradia- 
tion stability have not yet been deter- 
mined. Thus a study is made here of 
average irradiation levels from 5,000 to 
15,000 mw. days/metric ton. The irradia- 
tion levels in peak burn-out areas will, 
of course, be higher than the average 
Today, reactor designs are generally 
based upon irradiation levels that fall near 
the mid-point of this scale. In the future 
it is expected that radiation-stability ex 
periments and actual-reactor operations 
will demonstrate that higher average ir 
radiation levels may be achieved, insofar 


as radiation stability itself is concerned 
Of course, sufficient reactivity must be 
introduced through initial enrichments, 
accompanied by sufficient control of the 
excess reactivity, to match the higher 
irradiation levels which are foreseen here. 


Fabrication 
expense 
($ per 


million O/A 


$ mw 4 
( xO x 106 
q.it core ton 


aD | cu.ft. 


mw. days < 24 hr V rods 
B.t.u.) hr. /sq.ft ton day k ee 
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0.43 x 10° C 
O/AX]1 


Fabrication expense 
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28,320 
core cu.tt 


(1) 


4 


- $/million B.t.u (2) 


| = = | 
10 REACTOR CORE 
= + INCHES = 
WALL THICKNESS = 1-9 
| THEN Vig = 
FUEL ROD 
7! 


Geometry of the Reactor Core 


FUEL RODS, AND INTERRELATIONSHIPS 
BETWEEN RODS AND CORE 


Ihe total volume of the reactor core 


ol course, 


a 


where 


core diameter 


D is the reactor 


L is the active fuel height, both oy 


NVENTORY COST 


measured in feet. 


If the volumetric ratio of solid ma- 


s 1.0, for this example, 
then the volume of the fuel rods, in- 
cluding both the fuel and its cladding, 
can be expressed as w 71/8. If the 10 000 
height-to-diameter ratio, the L/D IRRADIATION LEVEL (MW DAYS PER TON) 
ratio, is also 1.0, the volume of the 
fuel rods will be w//3/8. Now if the 
cladding wall thickness is 1/10 the 
outside radius (or 1/20 the O.D.), the 
volume of uranium oxide fuel will be 
0.81 times the total volume of the fuel 


rods, or wD*/8. (See Figure 1.) 
FABRICATION EXPENSE = $7 
Q/A 


terials to water 


Fig. 2. Cost reduction by increase in irradiation level. Basis: reactor power, 250 mw; 
reactor core diam., 6.5 ft.; average heat flux, 100,000 Btu. hr sqft 


It is now desired to compute the 


fabrication expense in terms of dollat o1s 
per million British thermal units, for e 

a wide range of variation in heat trans 

ler surtace unit cost ), tor variou 
irradiation levels (J), and for variou 

average heat fluxes (O0/A) The st 


parameters, the geometric considera t APPROXIMATE 
NVENTORY COS 


tions just discussed, and the uranium 


oxide density (p) are interrelated in 0.05 


the expression for fabrication « x pense 


hown as Equation (1) on facing page 

With certain values for those param 
eter which can vary only over a e 
narrow range, the effect of the var G 50,000 100,000 190,000 
iables C, O/A, and J over a wider AVERAGE HEAT AUK (STU PER HOUR PER 90. PF.) 
range can be considered in more de Fig. 3. Cost reduction by increase in average heat transfer flux. Basis: reactor power, 
tail. For example, if the reactor power 250 mw.; reactor core diam., 6.5 {1.; irradiation level, 7,500 mw.-days/ton 


level, O, is 250 mw., if the uranium 


oxide fuel radius, r, is 0.9 times the 


fuel rod radius, AW: if the volume of 
the fuel rods, l’,,,,, is 0.5 times the to 


tal reactor core volume, I’,,, if the 


reactor core diameter 6.5 tt 
+ 
q cle 1 
ind if the uranium oxide density, p FABRICATION EXPENSE 
is 0.9 times the theoretical density of =15.7/b° 


10.9 g./cc., the fabrication expense can 


he expressed a Equation (2) om fac 


ing page 


The next step cover the exploring 


separately of the range of fabrication 


expense for the range of average it 


radiation level with which this paper is 
concerned, that is, from 5,000 to 15,000 


mw. days/metric ton. Figure 2, whi 


NVENTORY EXPENSE 


0.178 x 10° 


is based upon an average heat flux o 


100,000 ~B.t.u./(hr.) (sq.ft. of heat 

transfer surface), shows that if the 

heat transfer surface unit cost is $200 i 

sq.ft., the fabrication expense will be 2 4 « . 10 
as much as $.17/million B.t.u. or a 


little as $.06/million B.t.u. Of course 


Fig. 4. Effect of reactor core diameter on fabrication expense and inventory expense 


if the unit surface cost is le the fuel 

Basis: reactor power, 250 mw.; operating hr, 7,000 hr./yr; value of $300/kg,; 
fabrication expense may be less, in irradiation level, 7,500 mw.-doys/ton; unit fabrication cost, $100/sq.ft.,; avg. heat flus, 
fact, much less 100,000 8.1.u./hr.-sq.ft 
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0.20 
La FABRICATION EXPENSE ~ 4.35 
4. 
1$ 000 
_ i on _ 
} 


Table 1. 


Approximate reactor 


Irradiation level inventory expense 


$/million B.t.u. 
$.042 


mw. days/ton 


EE 


Table 2.—Ffuel Rod Radius—Range 
of Variation 


Core diameter 
65 ft 
Rad. in 


Heat flux avg. 
Btu 


(hr.)(sq.ft.) 


50,000 .120 .190 
75,000 180 228 285 
100,000 240 304 380 
125,000 300 380 474 
150,000 358 456 569 


7.0 ft. 
Rad. in. 


6.0 ft. 
Rad. in 


will 
addi 


irradiation level 


without 


The 
not 
tional 


higher 
about 
inventory 


some 
expense due to the 


higher initial enrichment which will 


be needed for the higher 
Although not a 
study, 


irradiation 
this 
can 


level part ot 


fabrication one 
that the 
expense under 
based upon an 


ex pense 


compute reactor inventory 


these various condi- 
enrichment of 


ton, will be 


tions, 
2.5% for days 
approximately as shown in Table 1 
this 
15,000 mw.-days/ton is a 
target for irradiation 
both and reactor 
inventory taken into 


from Figure 2 that for 
loading, 
reasonable 
level, 


can ee 


250-mw reactor core 
average 
fabrication expense 
expense being 
account 

The effects of possible increases in 
heat shown in 


these 


flux are 
ettects 
irradiation 
Under 


the aver ie 


Figure 3, being based 
level of 
these 


inventory 


upon an 
7,500 mw 


average 
days /ton cir- 


cumstanece reactor expense 


varies over a narrow range if the vol 
a constant rela 


uranium- 


ume of cladding bears 
tionship to the volume of 
oxide tuel, and thus reactor inventory 
hown to be approximately 


throughout 


expense 1s 
$.05 
the range of average heat transfer flux. 

The 
heat flux 


nullion B.tu., here, 


election of a particular average 
as a basis tor detailed reactor 


core design dictates, to a certain ex 
tent, the 
wtor 
lable 2 for 


each for the typical 


fuel and radius and the 


core diameter For example, 


the range of variation in 


250-mw. reactor. 


There is also an economic balance 
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between fabrication and in- 


ventory expense which affects the se- 


expense 


lection of reactor core diameter, and 
fuel rod 
Figure 4 shows, for example, that if 
one desires to achieve an average ir- 
radiation level of 7,500 mw.-days/ton 
and an average heat flux of 100,000 
3.t.u./(hr.) (sq.ft.) for a 250-mw. re 


consequently dimensions. 


fabrication varies 


cubic 


actor, the expense 


inversely as the power of the 
reactor core diameter. Thus as reactor 
heat 
transfer surface can be made to serve 
However, 


core diameter is increased, the 
for a longer time period. 
this effect is counterbalanced by re- 
ctor charges this 
longer time period. In this example, 
the total of fabrication and inventory 
een to be a minimum 


inventory over 


expense can be 


with a reactor core diameter of 6 to 


7 ft 

The possible effect of gradual simul 
taneous increases in both the average 
heat transfer flux and the 


irradiation level should also be 


average 
tudied. 
igure 5 shows the range of fabrica 
tion expense for the lower and higher 
estimates of $50 and $200/sq.ft. of heat 
surface, for 100,000, 125,000, 
(ht and 
12,500, mw 


tratister 
and 150,000 
for 10,000, 
days /ton, 
For $200/sq.ft., Figure 5 show 
fabrication expense in this range may 
be from $.04 to $.09/million B.t.u. For 
example, for $200/sq.ft. if the average 
irradiation level should be 10,000 mw 
days/ton and if the average heat flux 
hould be 100,000 B.t.u./(hr.) (sq.ft. ), 
the fuel fabrication would 
amount to $.08/million B.t.u. If these 
15.000 and 150,000 re 


)(sq.it.), 
and 15,000 


that 


expense 


parameters are 
pectively, the fabrication expense 
$.04/million B.t.u. If the 
heat transfer urface 
should eventually be $50 /sq.ft., 
the fabrication hould be 
$.01 to $.02/million B.t.u 


would he 
unit cost ot 
only 
expel 


only 


rhe effect of small variations in the 
parameters, fixed for this study, is out- 
lined in the following paragraphs: 

a) The possible error in fuel fabrication ex- 
pense due to variation in the selected range 
of uranium oxide density (0.97, + 10%) is 
approximately 10%. 

b) Variations in the 
thickness (0.1 times the outside 
30%) will affect the fuel fabrication expense 
at 15,000 mw.-day/ton by 7%. 

¢) Variations in the sclid-to-water ratio (1.0 
+ 25%) will affect the fue! fabrication ex- 
pense by 13%. 

d) Variation in the reactor core height-to- 
diameter ratio (1.0, + 20%) will affect the 
fuel fabrication expense by 20%. 


wall 


+ 


stainless steel 


radius, 


ible 
inde 


pendent parameter taken 
do not affect fuel fabri- 


Cumulatively the four po 


total + 60° The other 


errors 
have been 
into account or 
cation expense 

Phu by over-all 
one may conclude tenta 


judgment of their 
error 
tively that 
improve, fuel fabrication expense 


range 
if technology continues to 
may 
day in the future be iv 
B.t.u., 


expenses, 


at ome 
million and furthermore 
that these based 
assumptions made, will lie within the 
range of $.01 to $.09/million B.t-u 


$.05 


upon the 


Notation 


cost of heat transfer surface 
reactor core diameter 
irradiation levels 
ective fuel height 
reactor power level 
average heat fluxes 
fuel radius 

fuel rod radius 
core volume 


volume of fuel rods 


vranium oxide density 


Presented at the 1957 Nuclear Engineering 
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(Number 18, 1956—“Heat Transfer”’—Louisville *) 


Correlation of Maximum-heat-flux Data 
for Boiling of Saturated Liquids 


W. Rohsenow and P. Griffith 


bubble 
“shoot” away perpendicularly from verti 
that 


Since it was observed that 


cal surfaces, it gravity 
should 
effect on the 
The cr 


ba sed on 


appears 

perhap not have a significant 
peak heat-flux value 

relation method proposed here ts 

to that used 

of the boiling heat 


emplo ing the cor 


reasoning similar 


in the development 
transfer correlation 
cept of a bubble Reynolds number 

* $4.25 to non-members; $3.25 to members; 
115 pages. Obtainable from offices of A.l.Ch.E., 


New York 
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Effect of Air Rate, Water Rate, Tempera- 
ture, and Packing Density in a Cross-fliow 
Cooling Tower 


N w Snyder 


tle 


ented hereu The 
the energy-trat 
nall cfr 

water rates as 


packing 


perature at d 


pt has been made t 


1 formula which may 


in his estimations 


5,000 
6,000 O44 
7,000 047 
om 8,000 049 
9,000 052 
10,000 055 
11,000 057 
12,000 060 
13,000 062 
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— 
} 
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; Tests and ds have been made on 
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in order to study the proce f enthalpy 
transtier this ysten results 
are briefly pre 
is te resent 
formance lor 
as a function 
vell as water ter 
; density. An atten = 
be used by the engincer 


The accompanying article deals with the effect 
of using a catalyst composed of o mixture of 
two substances—sodium hydroxide and calcium 
hydroxide—in the production of pentaerythritol. 
Although this study cannot be considered a 
completely new concept, it is significant from 
the standpoint of reaction economics. 


entaerythritol is a polyhydric alco 
Pp. with a structure consisting of 
four methylol (¢ H,OH ) groups al! 
ranged around a single carbon atom 
rhis material is particularly useful for 
many purposes because all the hydroxyl 
Another 
important property of pentaerythritol 
Pheoreti 


maller quantity of pentaery 


groups are equally reactive 


is its high hydroxyl value 
cally a 
thritol 1s required to esterity a given 
amount of acid than any of the other 
common esterihcation agents 

The chemical nature of pentaery 
thritol suggests many diverse applica 
tions. It has been used as a constituent 
of paints, drying oils, floor covering 
waxe cements chewing gum ind 
explosive More recently 
thritol ester have been found to be 


pentaery 


excellent plasticizers for high-polymer 
plastic Phe most rapidly expanding 
use of this substance at present, how 
ever, 1s in the production of resins. 
produced with pentaerythritol 
can be controlled readily to give de 


sired viscosity, hardne flexibility, 


and drying rate. The quality of pen 
taerythritol resins significantly 
higher than that of other resins with 
equivalent production cost 
Pentaerythritol is usually produced 
commercially by a base-catalyzed con 
densation of formaldehyde with acetal 


dehyde The 


the reaction 


ide products formed in 


have little commercial 


value relative to the value of the 


product pentaerythritol, Consequently 


the economic production of pentaery 


thritol is primarily dependent upon the 
yields and quality of product that can 
he obtained 

Published information relative to the 


yithesis of pentaerythritol with a 


ingle base catalyst is restricted almost 


Although 


entirely to | S. patents 


there is some disagreement in the pro 
cedure llowed and the vield 
claimed, the following condition are 


generally agreed upon a itistactory 


* Present address: California Research Cor- 
poration, Richmond, California 


Valentine * and M. 8S. Peters 


University of Iilinois, Urbana, Illinois 


lor purposes ol commercial produc 


tion 3) 


Concentration of formaldehyde 45 moles 
mole acetaldehyde 
15-16 


Concentration of base catalyst 


equiv. mole acetaldehyde 
Water concentration 12 moles/mole formal 

dehyde 
Reaction temperature 30-80" C 
Time of reaction 146 he 
Under these conditions, yields of 60 
70% may be obtained employing pure 
calcsum hydroxide as the catalyst and 
70-80% with pure sodium hydroxide a 
the catalyst All viel mentioned 


thi work are based upon the acetalcde 
hyde charged 

Little information rewarding the us« 
of mixed catalysts for the production 
of pentaerythritol ha wen published 
( dive nvestigator (4) recommended a 
italyst composed of a mixture of alkyl 


hydroxic ariel ilkalve 


uch as sodium hydroxide, calenm 
droxice and potassiun hvdroxice 
With reaction time | 
investigator realized yields of BO-U0 
In the present work, the only xe 
catalyst employed were COM pose ol 


odium hydroxide and caleium hydr 
ide im varying proportion othe 


experiment were conductes 


range of the conditions pre ously 
enumerated maximus ele 
tained were W950 
Apparatus and Procedure 

Phe variables examined in this work 
were reaction temperature concentra 


tion of the mixed catalyst reaction 
time, and formaldehyde concentration 
In all experiments, the total amount 
of catalyst used is 3.64 equivalent 
the amount of acetaldehyde charged 


vas 100 g. and the water to formalde 


hyde ratio was 12 mole to | 
It the experi erital test ol thre 
effect ot catal t concentration and re 


ictio temperature thy rate 


formaldehyce to acetaldehyale held 


constant at 5 mole to 1, and the reac 


tion time was YO mu it the desired 


When invest 


reaction temperature 


in production 


gating reaction time and formaldehyde 
concentration the catalyst emploved 
was YO equiv, oft NaOuw equiv, 
Ca(OH )., and the reaction tempera 
ture was 45° ¢ 
\ schematic diagram of the labora 
tory equipment for the preparation of 
pentaerytl ritol 4 hown im Figure 1 
The procedure tor a typu il experimen 
tal run was as follow 
Distilled water, im the amount of 
rt and ¢. of technical grace 4.2 
liter flash Thy water formalele 
hvd were cooled i ater ath and 
maintan below vhule the mixed 
catalyst i idded tive mixture leew 
| iwitated it Ih 
‘ unit base ita t ! 
irom 14 g. lor 
ule re il the tal 
for a equi ‘ 
(Hereafter alent 
‘ ited i nt 
| the ture if t 
acetaldehyad yer acl er i 
min, period Phe acetalce lc was ace 
hel thn riace tl mi Care wa 
tanet tai tl te ratugr 
ntmue t awitat if 
‘ the acetalee le 
tive eaction ma te tir 
tl ati te if 
tive rea t id | 
all it ft ‘ rature 
topped tr ath th torn 
! tra il ‘ 
from 40-40 i acid tralize 
ful i iced ler and 
entrate il ri 
ritrate hecked to he certa it 
eutralit il was thet ed 1 ( 
and eld at this ten ratur flor 40 
( rystal pentaerythritol ere re 
covered | entriluging hve ere the 
ashe th tour SO 
listalle ster ried tor ir. at 10 
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MIXED CATALYSTS 


PENTAERYTHRITOL 


R.S. 


Yields: Calculation 


The over-all yield for each experi 


ment was calculated from a knowledge 


of the amount of acetaldehyde charged 
the amount of dry pentaerythritol re 
covered, and the amount of product re 
maiming dissolved in the mother liquor 
A solubility of 6 g. of pentaerythritol / 
100 g. of mother liquor was used in 
calculating the over-all yields. This 
solubility was checked experimentally 
hown in Table 1, a solubility 
of 6 gy 100 


olution is conservative 


pecifications in all cases. This sub- 
tantiates the analytical results for the 
Results of 


typical analyses are shown in Table . 


mixed catalyst products 


Discussion of Experimental Results 


EFFECT OF CATALYST CONCENTRATION ON 
YIELD 


Yields of pentaerythritol are plotted 
in Figure 2 as a function of the per 


cent of sodium hydroxide in the mixed 


catalyst. As the amount of calcium hy- 


Table 1.—Selubility of Pentaerythrite!l in Mother Liquor at 5 C. 


(Determined experimentally by reconcentration) 


Weight of recon 
Original weight centrated mother 


of saturated liquor after 


mother liquor, pentaerythritol 
9 recovery, g 
1,400 615 
615 458 
1,061 654 
1,048 658 


Apparent solu 


Weight of bility of pen 
pentaerythritol taerythritol in 
recovered, mother liquor, 
4 9/100 
56 96 
27 76 
42 10.3 
28 72 


Table 2.—Commercial Specifications for Technical Grade Pentaerythritol. Results of 
Experimental Analyses for Delaware Product and a Typical Mixed-Catalyst Product 


% Mono 
pentaerythritol 


Hydroxyl 
value, % 


Commercial 
specifications 64.88 46-48 
Delaware 


technical grade 


pentaerythritol 86.0 477 
Typical mixed 
catalyst product 84.0 46.9 


Sulfate P 
ash, % range, Color 
04 185-225 white 
0.10 181-216 white 
0.36 178-204 colored 
slightly 


Table 3.—Experimental Results of investigation on Effects of Reaction Time 
and Formaldehyde Concentration 


(% NaOH in catalyst 95) 


Reaction Reaction HCHO /CH.CHO Overall % Mono 
temp c time, min mole ratio yield, % pentaerythritol 
45 300 5/1 87.7 80.6 
45° 90 5/1 85.3 82.3 
45) 53 5/1 70.8 65.8 
45 90 45/1 80.4 73.4 
45 90 40/1 67.0 64.2 


* neutralized when coloration first appeared 


| neutralized at start of heat retease 


ANALYSIS OF PRODUCTS 


Pentaerythritol product obtained in 
this work were analyzed for monopen 
taerythritol content by the dibenzal 
method, hydroxyl value by acetylation, 
melting pomt range sulfate ash and, 
qualitatively, for color, The analytical 
methods followed were those given by 
the Hercule Powder Company, In 
(2) Tests on a commercial product, 
Delaware technical grade pentaerythri 


tol, gave results within commercial 


294 


ncreased 


droxide im the catalyst was 


a striking change in the vield wa 
noted. ‘To illustrate this change, the 
yields at 45°C. may be considered 
With 1000, NaOH as the catalyst, the 
yield was 


catalyst containing 


Llowever, with a 
NaOH and 
10% Ca(OH)», the yield increased to 
94.5%. Further increase in the per 
cent calcium hydroxide resulted in a 
decreased yield 

In the ordinary methods of pentaery 


thritol synthesis, the vield is fixed by 


CHEMICAL ENGINEERING PROGRESS, June 1957 (Vol. 53, No. 6) 


ot these phenomena 


centration At lower 


the amount of reagents used up in side 
reactions. The use of a mixed catalyst 
apparently causes an increase in the 
formation of pentaerythritol and a cor 
responding decrease in the formation 
of side products. Wyler (4) states that 
this effect of a mixed catalyst is not 
related to the speed of the reaction, but 
to the direction taken. According to 
Wyler, the mixed catalyst directs the 
course of the reaction to the production 
of CH,OH groups rather than to the 
production of CHOH groups found im 
many of the side products 


EFFECT OF TEMPERATURE ON YIELD 


Ihe temperature effect on the yield 


is considerably different with a mixed 
catalyst than with a single catalyst. 
(ne can consider the yields at a cata 
lyst concentration of 500, NaOH and 
50% Ca(OH). As shown in Figure 3, 
the vield increased with temperature 
up to 45°C, then decreased with 
further increase in temperature With 
a pure sodium hydroxide catalyst, the 
yield was linear with temperature in 
the range of 30-70% ¢ 

The probable reason for this phe 
nomenon is that the rate of side-prod 


consicde rably 


uct tormation increase 
faster with temperature than the rate 
of pentaerythritol tormation Phe 
higher the amount of calcium hydrox 
ronounced 
the 


formed is so 


ide in the catalyst, the more 


this effect become \t 


umount of side products 


) 
/ 


vreat at catalyst concentrations richet 


than 25° in calcium hydroxide that 
ilmost no pentaer ythritol in be recov 
ered, and the small amount that 1s re 
covered 1s of poor quality 

With reaction-time 


the high t vields 


constant at one 


ind one-half hour 


with mixed catalyst were found at 
15 Dheretore 15 ( cal be con 
sidered as the balance point above 


which the rate of side reactions be 
comes fast enough to have a detrimen 


tal effect on yield. Below 45° ¢ the 


effect of the mixed « italyst 1 not 
nearly so pronounced, so that maximum 
vields cannot be obtained im one and 


one-half hour 


CHARACTERISTIC BEHAVIOR OF THE 
MIXED CATALYST REACTION 


Several characteristu pl ena 
must occur in order to obtain high 
vields with the mixed catalyst. These 
ire a udden rele ise ¢ heat i color 


change, and a sudden decrease in tor 
maldel vale concentration | he he hav 
ior of a typical run as a tunction of 
time is shown in Figure 4. It can be 


een trom Figure 2 tl at the occurrence 


i tunction oft 


reaction temperature and catalyst con 


te mper atures, 


E 


CAPILLARY TUBE 
THERMOMETER 


FLASA vacuum 


/ 


OF PEWTALA YT 


WATER BATH 


MOTHER 
PpRooucT 


Fig. 1. Schematic diagram of laboratory equipment for the Fig. 2. Effect of catalyst concentration on over-all yield 
production of pentaerythritol 
EFFECT OF REACTION TIME 


more calcium hydroxide 1s necessary in When the release 


the catalyst to attain the high yields the reaction mass begin I Che effect of reaction time on the 
than at high temperatures. The heat coloration, At first, it ts a pale yellow vield and quality of pentaerythritol pr 
release, color change, and st 1 which becomes increasingly darker quced with a mixed catalyst 

rease in formaldehyde concentration with time until it is dark orange. The ipated, and the result 

are also characteristic of pure calcium — rate of coloration is also a function of le 3. In one experimental ru 


nydroxide runs, but, unl they are severity of the reactior At 70° C, and = owed to continu 


controlled they have i detrimental a catalvst concentratiot o Hye, 


effect on the quality of NaQOll, the xture take only } ‘ only 


udder during the minutes to g " pale el o dark lv o one 


reaction 1 il wt ri orang \t the 
of the reaction rity ‘ oOo pro ond ot ‘ darth 


tional to temp 


tenn per ature or 
iderable period of time bet 

heat release ccurl \t hig yield of pentaeryt 
the heat release often take lene ) obtained in a short react 
the reaction can be broug! to the also reports that the torn 
desired reaction tut At low in the mother lquor can prevent the ten 
everitve if ul ble that the pentaerythritol Irom cry tallizis g out product 
udden | ] would not occur W solution The decrease in tormalce 
EFFECT OF FORMALDEHYDE 
CONCENTRATION 


period ot tine concent 
panied by compante the heat rel 
udden decrea course-directing effect i th ni | lost run 
centratio th 
ti ve the hig! 
Phe apparent 
exhibit the 


Fig. 3. Effect of reaction temperature on yield Fig. 4. Time behavior of o typical experimental run 
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Fig. 6. Dependence of product quality on catalyst concentration. (Reaction temperature 
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Fig. 5. Effect of catalyst concentration on heat 
release during pentaerythrose reaction. 


hown in 


hyde Table 
3. Other investigators have found that 


concentration. 1s 


in yield by use of a for 


cetaldehyde ratio higher 


any increase 
maldehyde-to-a 
than 5 to 1 does not warrant the extra 


expense tor the formaldehyde 


HEAT EFFECT DURING THE PENTAERYTHROSE 
REACTION 
The synthesis of pentaerythritol oc 


40 60 


N&OH IN CATALYST, % 


45° C.) 
curs by stepwise reactions in which the 


first stage is the 
indicated by the 


production of pen- 
taerythrose, a follow- 


ing reaction 


SHCHO + CH,CHO 


C(CH,OH ),CHO 


( pentaerythrose ) 


The second tage involves a Canmiz 
with pentaerythrose, 


alkali to 


reaction 1s 


zarro reaction 


formaldehyde, and produce 


pentaerythritol. The 


),CHO + HCHO 4 
C(CH,OH), + HCOO 
(monopentaerythritol ) 


Ol 


A qualitative estimate of the relative 
heat 
stages of the reaction can be ob- 


amount ot released during the 
early 
tained by considering the 
the bath and 
during the 
shown in Figure 4. The 


area between 
reactor temperature 
curves initial heating pe 
riod, as area 
between the curves provides a measure 
of how far the reactor temperature 
lagged the bath temperature. A 


plotted lor various 


series 
of such curves was 
catalyst 
actor temperature ot tn 


concentrations at a fixed re 


and a defi 
between the catalyst 


nite correlation 


concentration and the area between the 
curves noted. These results are 
presented in Figure 5. 

The distance betwen line A and line 
B in Figure 5 is a measure of the 
amount of evolved in the early 
stages of the reaction. Results indicate 
qualitatively that the amount of heat 
evolved during the early stages of the 
with the 
concentration of sodium hydroxide in 


the catalyst. 


was 


heat 


reaction decreases linearly 


PRODUCT QUALITY 


Figure 6 shows the quality of the 
pentaerythritol runs 
made at 45°C, runs 
mixed catalysts yielded as 
a product than experi- 
mental runs made with 100% NaOH 
or 100% Ca(OH ), as the catalyst 

The products obtained in this inves- 


obtained from 
Experimental 
made with 


or better 


tigation were similar to commercial 


products in hydroxyl] value, but slightly 
monopentaerythritol content 
Most mixed 


slightly 


lower in 
and melting-point range. 
catalyst 
high in sulfate 

Recrystallization of 


products were also 
ash content 

products ob- 
tained with both single and mixed ca- 
talysts indicated that the ash 


and the melting-point range 


content 
could be 
further 


improved considerably — by 


washing. Typical results are presented 
in Table 4 


the sulfate-ash 


One refining step lowered 
content of a high-ash 
mixed-catalyst product from 1.20 to 
0.33% and raised the melting-point 
from 173-208 to 181-212°C 
similar to commercial 


range 

These 

spec ihcations 
Pentaerythritol 


values are 


produced with a 
mixed catalyst had a slight coloration, 
the intensity of which was proportional 
severity of the reaction condi 
tions. One recrystallization was found 
to remove all traces of from a 


mildly colored product 


to the 


color 
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Table 4.—Experimental Data for Recrystallized Runs 


Reaction 
time, min. 


Reaction 


temp., * C. mole ratio 


30 90 5/1 
40 90 5/1 
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HCHO/CH,CHO % NaOH 
in catalyst 
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% Ash 
orig. 


Over-all 
yield, % 


100 61.5 1.66 
90 84.6 1.20 


No. 6) 


% Ash 
recryst. 


P. 
recryst., ° C. 


mM, P. 
orig., 


188-252 
181-212 


176-215 
173-208 


i LAA / 
q | 
a i ° 20 40 60 80 100 | 
. 
| j 20 40 60 80 cll 
| | | 
: 2! 
19 
170 . 
- 
‘ 
0.33 || 
0.33 


Me petroleum refineries tend to 
concentrate as many operations 
as possible in This 
prac tice makes for considerable econ 


a single plant 


omies in intermediate storage and 
pumping facilities, for better use of 
waste heat and thereby for less fuel, 


cooling water, and 
Such 
tillation, 
cracking (both thermal and catalytic ) 


alkyla 


requirements 


operations include straight dis 


lubricating oil production, 
polymerization, isomerization, 
tion, dehydrogenation, etc 


The 


products such as synthetic fibers plas 


manutacture of high-polymer 


ti rubbers, and others takes place 
through a series of reaction stages 
Fach stage, especially in processes em 


ploying individual hydrocarbons as 
feed stock, is 
low degree of conversion. This is ex 
the desire 
product formation as tar 
As a 


with 


often associated with a 


plained by to decrease by 
a5 po sible 
reactor unit 
the feed 
inevitable 


rule each operate 
stock In 


tormation 


recycling of 
many cases, the 


of by products leads to processes in 


Fig. 8. 


M. F. Nagiev 
Azerbaidjan 5.5.8 


which products ot one reactor erve 
as raw material tor others and vice 
verTsa 


In polymerization (tetramerization ) 
alkylation of ben 


dodecylene, it 


ot propylene and the 


with the re 


ulting 
is observed that part of the propylene 
unchanged and that a certam 
by depoly ition 


proce \ 


remain 
tormed meriz 


alkylation 


amount ts 
during the 


shown in Figure A above 


ind the inalogou cheme 


reproduced below ire veneralized flow 
hagrams ot the reactior i 


tock: therefore. the 


unged feed 
} 


have been constructed without the 


stoichiometric coefficient 


Similar to 
ot dodecyvibenzene 1 i 
n-butane 


tor obtaining butadiene from 


lhe reaction i known to proceed i 


two stage namely, dehydrogenation 


to butvilene and of the 


Figure B) 


material balance 


of the n-butane 


latter to butadiene 


(ser 


Calculation of the 


of such a number of 


ystems presents 


Petroleum Institute of the Academy of Sciences 


MATERIAL BALANCE in complex and 


multistage recycle chemical processes 


erous difheultse ditferent unit 
may include varying numbers of re 
lave Ml rer er 
vidual stawe iv operate v tl th 
out recvcling md with of throut 
bleeding off of certam reactun prod 
uct a bor example in hydrocarbon 
dehydrogenation or two-step ro 
venation Of 

lhe objective 1 to determine the 
trean Vel tive ate il bal 
ot the integrated unit ith partial o 
‘ plete ree lis lhe material bal 
ince theory d issedl here provid i 
mean for the exact olutvon of thi 


proble 


Derivation of General 
Reactor Charge 


In its most general { 
tion of processe ope 
circulation 
vhich represent thre 
in the separate units « 
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Expression for 
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+ 
Fig. A. , 
rm 1 combina 
in Figure 1 
teyration of | 
place 
fa single plant 
kach unit is equipped with the mear 
who CyMio+ + x1 


for fresh stock supply and produces 
the raw material for further treatment 
in all other units of the system with 
out Hence unit, in 
addition to a fresh charge, is being 
fed with stock recycled from all other 
units of the plant 

The symbols in Figure 1 are defined 
as follows 


exception each 


Din: Yin mn 


the cycle 


Dit» Yar Imi 


reactor 


component 


total charges of the 1,2,3.....m" 


charges of fresh stock for the 1, 2, 3 


reactor for 


weight fractions in reactor effluent 


The first subscript indicates the reactor from 
which the stream is emerging and the second 
the one to which it is going 


As a sy 


being considered, obviously the 


tem Of m reactors 1s 


second oubseripts will change 


from 1 to m 
with the dy 


ind taking 


In ace ordam 


namics of the stream 


into account their mutual combi 


nations, the following charge val 


ues will obtam for each particu 


lay proces 


1) 


1) 


Steady state operation ot the entire 
will theoretically set in at an 


number of Hence, for 


system 
infinite cycle 
the 


asst 


teady state at n-* system 


the following form 


(1 ~ 443) 9in ~ 421920 413 Jin 


& C1 Gon A404 in 


Asi Jon l 


Omi mn 


Jay 


mn 


Din Oni mn 


mm! 


the system ot 


imultaneous equations for deter 


ion (2) is 
basic 
mining the weights of the streams and 
a highly com 


The 


olution, permitting 


the material balance of 


plex series of processes Equations 
(2) are capable ot 
calculation of the charge at the steady 
for 
system 
The charge for the i reactor of an 


Equation 3 


stat any reactor of the combined 


combination 
the 


m reactor 


results trom appli ation ot 


Cramer's rule 


a mm } 


hon the general 


I.xpre (3) 
solution for the problem of the quant 


wives 


tative assessment of recycling proc 


esses In particular it enables deter 
mination of the recycling coefficient, of 
the weight of the 
and of the 


hypothetical plant represented in Fig 


individual streams 


material balance for the 
ure | 

If the reeveling system constitutes a 
single process, this will correspond to 
gas oil cracking, to single furnace light 


product reforming and also to synthetic 


processes involving individual compo 


nents, such as simple dehydrogenation 


and molecular degradation. The gen 
eral scheme for such a process is given 
in Figures 2a, 2b. In this case 1 l 


and m 1 and the total charge of the 
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system according to Equation (3) will 


whe nce 


din Jy, and ky 


where k, recycling coefficient 


Formula (4) ts identical with the re 
coethcient commonly found it 


In its general form the 


cve ling 
the literature 
recycling coefficient is the ratio of the 
charge for the given reactor to the sum 
of the quantities of fresh feed stock for 


all reactors. From this it follows that 
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each reactor has its own recycling co 
efficient. Multiplying each coefficient 
by the corresponding yield for a cycle 
(per pass) of unrecys led product 5, per 
obtained the 
ull reactors of the com- 
bined 100 It 
that on multiplication of the recycling 
combi 


centages are summation 


of which over 
ystem will be follows 
coethcient proposed here tor a 
nation of processes by the product yield 
for a single cvcle (per pass the reac 


tion vields are obtained calculated on 


an over-all fresh feed basis 


If a number of substances are react 


tem and it is required to 


determine the vield 


ing in the sy 


hased on one com 


ponent of the fresh feed stock, the re 


evcling coethcrent should be defined as 


the ratio of the given reactor charge 


sai 
= + + Gain—1)%22 + + + Jmin—1)%m2 
> 
(1) 
. . | | 
) (2) 
(1) — | 
+ (1 Imi 
ay, Ay, di 
Ji, = (3) 
— 
| 
ay; A»; a,,) 
he 
0 
0 l 
{ | 0 
0 l 
l 
| l 
(4) 


to the quantity of that component serv- 
ing as basis for the calculation 

In dealing with the system of equa- 
tions (1) atn-~ « and with Equation 
(3) one should bear in mind that when 
each reactor is supplied with a number 


then 


the indi 
vidual components of the stock mixture 
The sy (1) at 


and Equation (3) funda 


where the primes refer to 


tet of equations 
are 
mental generalizations covering all as 
of operations involving recycling 
and These 
may theretore be applied im an imfinite 


pect 


combinations expressions 


number of circumstances, any chemical 
process operating with recycling being 
i parti ular case 


(1) 


minant (3) permit an exact balance to 


treated a 


Equations itn — or the deter 


be made of the 


operation Of any com 


+ ans 


proposed 


task 


material balance of 


aul of this 


Without the 
inethod it would be a cumbersome 
to calculate the 


combined processes with recycling trot 


the results of laboratory experiment 
or to design the appropriate apparatu 
The principal advantage of — the 


method is that tor the calculation of 


the weights of the separate streams and 
the over-all material balance, data on 
the once-through yields tor each reac 
tor in the steady state are sufficient 


PRACTICAL APPLICATION OF THE THEORY 
OF RECYCLING 

The 
be illustrated by a 
those 


two aforementioned case will 


concret 


number of 


examples operations that ive 


no effect on the number of streams ce 


termining the material balance of the 


process being omitted 


Fig. 20 


principle for a one-reactor unit with recycling 


Simple flow diagram illustrating the 


'S2(n-1 


G 
31 


&3(n-1) 


bination of comple x installations and a 
the 
individual 


precise determination oft veight 


stream im the design of the 


units of the vstem 


Certain Aspects of Balance Calculations 
In 


Variants 


the calculation of the pos ible 


ycling, it 


proce t with re 


appe if to be feasible to epar ite uch 
problen into two group those 
wherein only a part or all of the g, 


are unknown and those where all the gg, 
and a, or some of them are unknown 
Both groups of problems may be solved 


by means of Equations (3); but in the 


second case idditional equation are 


required ng the values of the 


xpre 


unknown a, through the initial condi- 
tions or the corresponding g,.. It is 
therefore convenient to solve the sec 
ond up of problems by Equations 
(1) and to solve the respective auxil 


lary equations tor the unknown a, 


CASES OF THE FIRST GrouP 


In the first group are included proc 
esses with known outputs per pass 
from every reactor, thats th known 
teady state values for ay, and with 
completely or partially unknown teed 
Jin 

For ex ample \ heavy va onl trae 
tion from an arbitrary crude is being 
subjected to a double-furnace cracking 


After cracking im the first furnace, a 


wide range ga “nl cut is produced 
which ts separated into heavy and light 
Iraction The heavy fraction 1 re 


turned to the furnace as recycling stock 


and the light fraction passed on to 
the deep cracking furnace | } ilso 
yields heavy and light recyciing toch 
that is cracked after being mixed with 
the corresponding products from each 
of the unit I he techn ling cal and 
flow diagrams for this process are pre 


sented in Figures 3a and 3b 


1. Above, flow diagram for a complex plant 


Fig. 2b 


Flow scheme for a one-reactor system 
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Table A.—Given: The following percentages by weight of the components. 


Fresh feed stock 


by 


up to C, 
by 
4 
6, 
4, 


and heavier 


In | ure sb 


Jin A100 Jon heavy and light furnace 


charyves re pectively 
recycling yields of high 
trom 
light 


boiling produc 


the heavy and 


cracking furnaces 


recycling yields of low 


boiling products from 


the heavy and light 


cracking furnace 


In accordance with the flow diagram 


(| ivtre th) formula (3) wive lor 


the first furnace charge 


whenee 


Yin 
a), 


the light cracking furnace the for 


give 


whe 
Git 


and subsequent 
emerging 
iwcomph hed so as not to 
flow, But 
other tae 


It is assumed in thi 


examples that cooling of the 
tream 
affect the 


quantity of mput 


cooling agent or some 
tor change the tream characteristics 
material bal 
taken 
flow chia 
calculations 


(3) 


ard tho influence the 


thi change must be 


contracting the 


which the 


account 
pram iltet 


again may be made with formula 


CASES OF THE SECOND GROUP 


Ihe econd group inchuck those 


cus in which part of all of the unit 
ind the reeycling yields ay 


is illustrated by the 


charge 
are unknown, Thi 
nuixture 


proce ing of a gaseous 


which the sum of the isobutane and 
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n-Butone isomerization 
products 
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Dehydrogenation 
products 


up to C, 


n-butane contents consicde rably exceeds 
that of the butylenes 


The process includes polymerization 
of the unsaturated components of the 
feed stock up to ¢ alkylation of the 
with the butylenes, 


isobutane 


erization of the normal butane and the 
formed during 


plant layout and 


withdrawal of gase 
isomerization. The 
flow diagram are 


ures 4a and 4b 
The symbols in Figure 4b have the 


reproduced in Fig 


following meanings 


dis quantity of fresh 


tock 


gas- 
eous feed 

Dine Dons 
Jans Gon for the proc- 
distillation, 


alky 


isomerization 


the charge 
esse ol 
polymerization 
lation 
and dehydrogenation, 
respectively 


of the various 
tr ks 


quantitve 
rec ve lin 


lt accordance with the chagram 


(4h) the following initial conditions 


obtam 


and w 


first 
characterized 


In contrast with the cases of the 
this illustration 1 


that not all the 


group 


lew the tact compo 


stave are subject to 
Thus 


process m the 


nents m each 


chemical change for example, 
the first 


(Figure ib) is de 


flow scheme 
igned for the pur- 
fractionation and, 


tock 
changes the 


pose ot simple 


therefore, the reeycle from the 


dehydrogenation cycle 


component ratio in this unit, whereas 
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the presence in the latter of butane in 
turn affects the 
the alkylation, isomerization 
of the plant. 


component ratios of 
and de 
hydrogenation processes 


The 


formed from the isomerization of the 


presence of exces isobutane, 
normal compound owing to the lack in 
the feed stock of 
kylation, has to be 
the alkylating 
that there is 
of isobutane or of the 


butylenes for its al 
distributed between 
dehydrogenating 
s either 


and 
units no exce 
butylenes, in 
particular of isobutylene produced in 
Ob- 


problem must 


the dehydrogenation of isobutane 
olution of thi 
be based on the yield for the 


viousls 
isom 
and the dehydro- 
lable A the 
pertinent initial data for the calculation 


erization of butane 


genation of isobutane In 
are given. 


alkylation 
quantities of the 


It is assumed that in the 


process equimolar 
alkanes and alkenes take part; that 1s, 
the consumption of reactants in form 
ing the alkylate is 
ratio 58/56 (mol weight ratio) 


determined by the 
In conformity with the dynamics of 
the flows 
initial data: 


(Figure 4b) and the given 


Qi4 


An, { 13) 


(14) 


isobutane is 
then 


If a fivefold exce of 


assumed in the alkylation proce 


On, 


(15) 
Dan 
(91:97 + 


Din 
16) 


(17) 
(18) 
(19) 


soly ing this 


to determine the 


Way ot 
problem 4 values for 
Dine 
Equations atn~ « of 


Gn, trom the system of 
tron 


leon thre wiven 


has 


Jin 


Jon Din*12 


Dan 


Dan 45, an Oa 


C,H, a, 2 6 
a, 50 Vita 25 
a, 46 69 
up to C, 
C, 
a My 
a; 
flow { 11 
in = Din 
(i hs) 
“ys (1 figs) 
+ dan vi + Yun? 
Vin 
ay (12) 
g 
qi im 
ays 0 
Yon 
ayy (1 ayy) 
any 
‘| | 
O44 an 
M45, a, ays 
} 
a? 
from (1) at 


Fig. 3a 


two-furnace cracking unit 


Scheme for oa 


Fig. 3b. Flow diagram 
for a two-furnace cracking unit 


process design 


Jin 1083.64 0.5703 
So . “oui 
Solving (1) together with Equa Jon 618.00 aon 0.2165 45 
tions (11) through (19) and assuming 
that 4g), 1,000 tons/day result in Jan 647.70 ag, = 0.0988 ay 
the following values of the desired 
dan 128.00 0.0891 Ms) 
parameter 
0.5829 


0.2026 


By Cy 


9 


Fig. 4a 
dehydrogenation, and polymerization 


Scheme of a complex plant for the processing of cracking gos 
1 through 5 are rectification columns, 6 is fresh feed stock 


A, |, D, and P are the corresponding reactors for alkylation, isomerization, 


Gi) 


“ 


\. 


a s\ 


Fig. 4b. Flow scheme of o complex plant for the processing of cracking gos 
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G..*100 6 tons/day of propylene 
40 tons/day of propane 


A 


Fig. 5a. Scheme of the complex process of alkylary! sulfonate production. 


rom the calculated data it follows that 
the over-all material balance of the 
plant i 


Quantity of alkylate 


Fraction up to Cy consumed in the 


polymerization proces 


Higher hydrocarbon 


Fraction up to Cy emerging after the 


polymerization 


The disagreement is insignificant, 
being O.OOLG 

Hence the propo ed method 8 
highly accurate, leading to a remarkable 
agreement in the balances and to pre 
cise determination of the stream quan 
tities for the individual units of highly 
complicated process 

For further clarity another example 
will be considered, namely synthesi 


* In this example there is determined the 
total stock fed to the polymerization reactor. 
Knowing from experiment the data on the 
yields of individual compounds in this unit, 
GQ». may be seporated into individual compo- 


of the detergent, dodecylbenzene sul 
fonate from petroleum. The fresh feed 
tock is the propane-propylene fraction 


Jan (1 148.45 


Jen 618.00* 
91195 231.00 
2.56 


total: 1,000.01 
tons /day. 


the latter compound being polymerized 
on a phosphoric acid catalyst. The 
dodecylene fraction obtained goes to 
alkylate benzene. After alkylation the 
dodecylbenzene produced turther 
ulfonated. The monomer (propylene ) 
formed in the alkylating process as a 
result of depolymerization is returned 
for polymerization together with the 
propylene that had passed through un 
changed during the polymerization 
process. The process is schematically 
illustrated in Figure 5a, and a flow dia 
yram for calculation of the material 


balance is presented in Figure 5b. 


G2)" 1007p 
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Let the daily capacity on the basis of 
the propane-propylene fraction (60% 
propylene and 40% propane) g,, be 
100 tons and, on the basis of benzene 
Jig = 100 tons. 

It is considered that propane does 
not participate in the reaction, has no 
effect on the polymerization process 
and does not appear in the recycled 
products ; therefore, although the re- 
actor charge will increase as the result 
of recycling, the absolute propane con- 
tent (40 tons/day) will remain con- 
stant. Owing to this, the relative com 
position (weight fraction) of the 
polymerization products leaving the re 
actor will change and must be calcu 
lated as follows: 

The weight fraction of propane will 
be 40/q,, and of the rest of the compo 
nents : 


Jin 0.4) 


(20) 


where the P, are the yields of the indi 
vidual products (weight fractions ) 
during polymerization of the fresh 
stock, without recycling 

Phe initial data on the product com 
position is summarized in Table 1 

Using Equations (1) or the determi 
nant (3) one writes the balance for the 
everal stage and the proce as a 
whole 

Acc ording to the chart ( Figure Sb a 
for the steady state that sets in at 


Janes 


(23) 


Substituting 2 and using 
the value ot O=“.05 trom Table l, 


vield 


Din Gy, + + O05 Qu, 
U6 


whenee 


Jin 1.2 + O06 Jon 


Substituting (21) wu 
value for ay, 0.25 gives 
(M1, 40)0.4 


+ 0.25 gu, 


Jon Jiz 
whence the charge of the benzene-al 
kylating reactor will be 
1.3333 gyo+O0.8889 g,,— 35.5556 
(25) 
Equations (24) and (25) contain two 
unknowns g;, and gs, which are deter 
mined by substituting (25) im (24) 
Din 1.2 gy, + 0.06(1.3333 go, 


+ U.SSSY 


San @ 21 
Sia 2 
106 oH +* 
BENZENE 3 
suLPHURIC ACIO 
(21) 
Ion = (22) 
2) and the 
Fig. 5b. Flow scheme for the production of alkylaryl sulfonate 
oy 


From this 
expression for 


equatior 
determining 


of the polymerization reactor 


Din 1.2675 0.0845 Joy 


Substituting (26) in (2 


>) 


Jon 


+ 0.0845 @ 10.7042) 


21 


From this the final 


lation of benzene 


Jon = 1.1267 gy, + 1.4084 go, 


Fx 


100 tons/day and 


911 


tons /day 


From Equation (26 


124.50 tons/day 


Jin 


and from Equation (27) 


208.44 ton 


day 


g 2n 


Compound 


Propylene 


Propane 
Dodecylene 
Dodecylbenzene 
Benzene 

Alkylary! sulfonate 


By-products and losses 
Sulfuric acid (in its initial form) 


Total 


Propylene 


twofold that required by the 


bon charge 


q 


expression 


found the final 
the 


charge 


10.7042 
(26) 


give 


1.3333 Ja, + U.8889 (1.2675 11 


35.5556 


tor 


the total cl arge of the reactor for ilky 


by dode« viene 1s 


45.0706 


(27) 


Git Jor Gar 
124.50 
100 + 100 + 229.28 
124.50 
0.29002 
42028 
208.44 : 
K po 0.48556 
K2n 420 8 
According to (23 du, 
and, theretore 
A K3n $20 JR 420 28 
Now that the recycling coethcent 
are known one can determine the total 


output of the entire complex of proc 


The final output slculated on 


esses 


the basis of the sum of propane-propy 


Table 1 
Yields of the once-through 
reaction in weight fractions 
Polymerization Alkylation Sulfonation 
of unrecycled 
stock 
0100=P, a 0.050 
0.400 
0.400 P 
Oy 0.550 
a 0.250 
0.40 
0.100 = P, 0.150 0.09 
0.51 
1.00 1.00 1.00 


(124.50 410)0.1 
0.1131 
0.6 124.50 
11.31% 
Propane 0.3213 32.13% 
124.40 
Dode« viene 
(124.50 40)0.4 
0.4525 
0.6 124.50 
$5.25¢ 
By-products and losse 
0.1134 11.31% 
100” 
The recy? ny ethoent can now he 
determined 
First the quantit f sulfuric acid 
(g3;) 1s determined; it is to exceed by 


hydrocar 


lene fraction, benzene, and sulfuric acid 


will be 
from polymerization 


Propane 


3213 0 20002 32% 
ty products and losse 
11.31 0 20002 3.28% 
from alkylation 
By product and lo < 
15 0.48556 7.2m" 
from sulfonation 
Alkvlaryl ull mate 
OROLIR 
By product 
9 ¥ OBO118 7.21° 
Sulfuric acid 
without Nater 
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From these relative values the absolute 
quantity ot each product may be calcu 
lated trom the sum of fresh stock in 
put tive everal reactor Gay 
Dan 
ume balance may be « ilculated 
on the basis of propylene and benzene 
nly 
, Vie 124.50 
low 
0.77812 
I 208.44 
1.30275 
lot) lov 
dum 343.93 
ran 2.14956 
loo lot 


polymerization 


O77812 
By-products and losse 
11.31] 0.77812 ROO 
irom alkylation 
By-products and losse 
1S 1.30275 19.54% 
trom sulfonation 
A\lkvlaryl sulfonate 
By-product 
9x 2.14956 = 19.35% 


Sulfuric acu 


51 2.14956 109.63% 
lo check these result the quantity 
of arvlalkyl sulfonate is determined in 
tons /day 
Fron the balance on at yver-all re 
ictant ba 
129 
137 ton 
From the balance « the bass i the 
um of propylene and benzene 
loo 
tor 
The ample cited ibove now 
clearly that the tem of equations (1 
ind tormula (3) proposed gives an ex 
t ution to problems associated with 
thre natertal balance compl iter! 
Neu rehning proce incl it 
iNtistage wean yrithese Ap 
plied to concrete problen the « pre 
ions assume a mple form ar ure 
solved without difficulty 
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931 2 2.20844 0.55 
Din 
K xis 
1100 
= 


INVESTIGATING 


CHEMICAL PLANT PROCESS VARIABLES 


The accompanying paper describes an actual problem in 
the design of a pilot experiment encountered during opera- 
tion. All the restrictions imposed are included and recom- 
mendations are made from a full factorial experimental 


design. 


Statistical interpretations are made through the 


analysis of variance technique. The example illustrates the 
type of over-all reasoning (mechanism and statistical) that 
many are applying to their experimentation. 


hemical engineers engaged in plant 
C “trouble shooting” frequently find 
it necessary to design pilot experiments 
to solve a specific production problem, 
Many difficulties arise in planning such 
experiments, the number to be per 
formed usually being limited, The plan 
ner finds that he must secure an answer 
to the problem quickly while seeking 
to assure that some deyree of reliabil 
ity can be attached to the conclusions 
I.xperimental designs employing statis 
tical methods are enjoying increasing 
acceptance in such applications. How 
ever, owing to the practical limits on 
experiments, the use of these statistical 
methdods aids im obtainng maximum 
information, Fortunately, interpreta 
tions through an understanding of the 
physical as well as the statistical system 
do lead to results that can be applied 
Statistical interpretations in the prob 


lem described below were made 


through the analysis of variance tech 
nique (J, 2, 3) 

The problem under investigation was 
of a twofold nature 

\ current plant process had been 
examined in the research laboratories 


Table 1.—Results 


Grams 
product 


Treatment 
symbol 


62.2 
64.5 
56.0 
S.CR, 63.1 
60? 
S.C.R 62.0 
SCR, 60.2 
63.0 


s solvent 


c catalyst 
reactant 
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An alternative method for producing 
intermediates wa 
claim was that this newer procedure 
would produce higher yields. At the 
satne 
existing process 
with one step of its operation, a cata 
lytic 
“trouble shoot” the problem, the plant 
eTvice 
ot 
the plant 
this proposal 
plant equipment would be 
hence 
could 
Second, the research studies were 
executed 
gineering requirements for extrapola 
tion to plant scale 


hydrogenation 


group explored the 


time the plant operating the 


When called 


introducing the new process into 


There were drawbacks 
First, some changes 


the new hydrogenation process 
not relieve the present crisis 


in equipment that met en 


reluctance to accept the work 


presented 


Organizing Problem 


of investigation was suggested 
experiment 
something could be understood about 


In view of these problems, a plan 
First, 
should be designed so that 


of Factorial Design 


% 
yield 


83.0 
66.0 
747 
84.2 
80.5 
82.6 
80.5 
84.0 


Hydrogenation 
rate % theoretical 


cc. /min absorbed 


106.8 
99.9 
97.5 

104.1 

105.6 

103.5 
99.0 

105.8 


existing process 
new process 
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suggested The 


was having difficulties 


possibility 


necessary ; 


not 


Hence, there was 


the present plant method that would 
serve as a clue to the production difh- 
should 
examine the new process and deter- 


culties. Second, plant services 
mine what factors or combination of 
factors make it superior to the present 
method. Finally, it should be deter- 


mined whether one can combine 
the best 


in such a 


factors in each process 
fashion as to optimize 
the ratio of yield gain to equipment 
and installation charges 

As broad a plan as this was, it was 
urgent that data be made available 
quickly to set the plant back on stream. 
One set of experiments that would 
provide data on the three phases was 
needed \ tatistically designed plan 
embodving a factorial design was 
which the 


analyzed Unfortu- 


selected as the means by 
results would be 
nately, but as is usually the case in 
“trouble shooting’ work, practical 
problems arose in setting up the pilot 
stucly 

The factors under investigation were 
qualitative in nature. Solvent, catalyst, 
and reactant of each process were to 
be compared by measuring quantitative 
factors, e.g., product yield The sol- 


vents employed were different but 


chemically of a homologous series 
Catalysts differed in the method of 
preparation; hence, surface properties 
could exhibit differences in the reac- 
tion The reactants also differed be- 
cause of the methods of preparation 
Other factors, such as 


perature, and grade of hydrogen (pur 


avitation, tem 


itv) were not varied. To carry out 
the experimental work, the plant lab 
oratory had available a hydrogenator 
and a suitable experimental procedure 

The hvdrogenator was dimensionally 
similar to the production unit and met 
all the chemic il enyvyincering require 
ments necessary for successful ex 
trapolation to the plant. l-xperiments 
in this hydrogenator required that at 


least a gram-mole of reactant be 


charged per run to obtain reliable 
results. This condition determined the 
amount of material for each experi- 
ment and presented the first restriction 
to the number of experiments. The 
second restriction came as a result of 
the lack of material available from 


the new process. As a result of these 


49.33 
62.87 
41.60 
52.24 
60.00 
61.25 
52.37 
47.27 
; 


two restrictions, only nine full experi 
ments could be performed 
With 


troduction of the 


these facts on hand, the in 
statistical design of 
experiments was planned. Since differ 


ences between factors and the possible 


advantage in combinations (e.g., in 
teractions) of factors were being 
sought, a factorial design was most 


desirable. Embracing all possible com 


variables 


binations of the process 

would give maximum reliability and 
maximum coverage It was recog 
nized that with the full factorial of 
eight runs no replications would be 


possible and a rigorous statistical pro 
be carried out. No 


independent estimate of error could be 


cedure would not 


obtained and all factors would be ex 
amined with only one degree of free 
dom As objectionable as this was, 


no other choice was available as the 


pressure ol the plant crisis necessi 
tated 
thes 
fort was 


a pilot investigation even under 
\ great et 
make estimates of 


adverse conditions 
made to 
the relationships between the variables 
with the anticipation that knowledge 
of the physical system would assist in 
the analysis 

Factor significance was to be de 
5% level. However 
at the 10% level 


in the pl int 


termined at the 
any tactor significant 
that 


without 


( ould he examined 


significant changes as worth 
exploring. As an example, should the 


solvent be a significant variable, it 


could easily be introduced into plant 
operations and further experimenta 
tion carried on in the plant 


Process Variables 


Chemically, the problem under cor 


sideration was a low-pressure catal yti 


hydrogenation of a double bond in 


the presence of other unsaturated 


The 


in a solvent with a specially prepared 


bonds reaction was carried out 


catalyst In this heterogeneous system 
agitation and temperature were im 
portant variables However, since 
much work had been done previously 
in these areas to establish the optimum 
operating range it was decided not 
to enter them into this series The 


most significant dependent variable to 


product yield. Certainly 


measure Wa 
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this is the result that would interest 
the production people the most. How 
ever, it was believed that differences 


in the independent variables could ex 
Rate of 
venation and amount of hydrogen ab 


hibit in other ways hydro 
sorbed were included as ce pendent tac 
The 
related to the properties of the catalyst 


Selection of a catalyst 


tors hydrogenation rate can be 


and the solvent 


offering a high gas uptake would be 
important to the plant, as it would 
influence production time cycles In 


addition, data on catalyst would aid 


in future developments on the proce 
The amount of hydrogen absorbed, of 
course, is related to product vield. In 


the complicate d chemical system stud 


ied here, hydrogenation absorbed 
also an indication of reactant and 
product quality that is, it erve to 
indicate the presence of other hydro 
genated materials 
Experimental Procedure 

The pilot process consisted of adding 


a weighed sample of reactant and catalyst 


to a known volume of solvent in the 
agitated hydrogenation vessel. The mix 
ture was brought to the proper tempera 
ture, and hydrogen fed into the mixture 
below the surface of the liquid The 


read from a calibrated 
vith 


volume of was was 
cylinder by 
When the rate ot 
stopped or 


water 
uptake 


its «i pl acement 
hydrogen 
constant low 
stopped 
Isolation re 


remained at a 
introduction wa 
isolated 
quired filtration and removal of 
followed by 
drying of the 

vessel 


value the gas 


and the product 


atalyst 


crystallization, filtration, and 


product. For every run 


the same agitator, agitator speed, 


and isolation equipment was employed 


Statistical Analysis 

F Ratio Tests 
light 

im a random ordet 


it lable l 
lable 


variance 


were performed 
tabulated 


experiments 


and ate 


ummarizes the analysis of 


data with product yield as 


the dependent variable Lhe um ot 


carried out 


squares calculations were 
by the methods illustrated im (J, 3) 
It is observed that the main effects 


ire not ignificant when compared 


iiual. If any term is im 


would be the x 


with the re 


portant, it initer 


action, Significance can be determined 
by the / ratio test 
2469 


This interaction then is significant 


at the Jy" level, or there 1 ione m 


five chance of being wrong, certainly 
not within the desired 5.10 


level lf 


nificant, the 


cance all other tactor are 


be pooled ith the re 
new estimate can " 
vith six dewrees of 


error (residual) 


treedom (3) 


pooled mean 
degree ot treedom 
23.4] 
2409 
(aleulate / at / 6.42 
. 
Ixpected value of F at 59% ignih 


level 6.00) 


cance 


Table 2.—Analysis of Variance Data With Yield 
(Product Weight) As Dependent Variable 


Source of 


variance 


Between 
Between 
Between C 

S ® interaction 
C R interaction 
C & S interaction 
Residual 


Total 
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OF Sum of squeres Mean saquores 
! 0.02 0.02 
1 4.20 4.20 
544 544 
1 1.8) 1.61 
! 24.69 2469 
1 9.15 9.15 
2.79 279 
48.10 
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= 
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Source of 
variance 


Between 
Between 
Between C 

S R interaction 
C R interaction 
C interaction 
Residual 


Total 


Then a C interaction is indi 
cated 

However, this method of indiserim 
treatment mean 


inate pooling ol 


quares is not completely reliable (2) 
A logical procedure is to decide what 
factors may be small and possibly can 
be ignored. This entails a theoretical 
knowledge of the system under investi 
pation These factors may be pooled 
to vive an estimate of the error term 
In thi 


lve that littl or no difference would 


experiment, it was initially be 


result between the solvents. Both were 
imilar in all properties except boiling 
point, and the only purpose was to 
serve as the heat-transfer media and 
dispersant for catalyst and reactant 
Hlenee 

< 


contamimge S tactors 


it was felt that all mean quares 


could be pooled 


on ound theoretical consideration 


lhe ¢ 


tested against this new estimate of 


interaction could then be 
the error 


Pooling Factors 


Mean square 344 


pee ted value of 


7/1 
F 154 

Lhe significance of the inter 
action is near the 5% level but cer 
tainly better than 10% 


Table 4.—Analysis of Variance Data With % Theoretical 
Hydrogen Absorbed as Dependent Variable 


Source of 
variance 


Between § 


Between R 
Between C 
R interaction 
Cc R interaction 
C interaction 
Residual 

Total 
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Table 3.—Analysis of Veriance Data With Hydrogenation Rate 
As Dependent Variable 


DF Sum of squares Meon squares 
1 31.402 31.402 
1 8.507 8.507 
1 209.817 209.817 
1 0.652 0.652 
1 46.700 46.700 
2.258 2.258 
! 115.439 115.439 
414.775 


Experiment S,C.k, (Table 1) ap- 
experi 
The yield 


pears to be out of 
mentally and statistically 


line both 


result differs from the others by 


than the Za limit 


some difficulty was encountered during 


the latter part of 


the 


isolation 


more 


Experimentally 


which 


could have accounted for a vield loss 


The other 
helieved to be 
With this 


whether a 


basis, 


would appear with the other dependent 
and 


ol variance 


vari ible 


be determined 


was pertormed with 


tion rate and (2) 


dependent 
completely 
the 


( 


or could significant ¢ 
An analysi 
(1) 


hydrogen absorbed a 


able lable 
summarize the 
lable 3 i 
table 
the dependent vari 
all factor 
not significant. W 


tween ©” were 


residual error term of 34.159 with 


devrees of treedom 


tween ) 


209.817 


34.159 


Fig 


and the expected value of / is 


5) level is 6.00 
\vain 


vive a more rel 


error term 


OF Sum of squares 


3.91 
62.71 
10.93 
2.66 
2.54 
0.20 
3.00 


85.95 


when rate of 


and 


calculation 


the analysis of 


ble 


combine ad 


6.16 


‘ 


questior 


lactors 


variables 


interaction 


were 
reliable 


arose 


hydrogena 


theoretical 


hydrogenation 


except the “Between ¢ 
th the 
ratio test all terms 


cle pe ndent vari 


respectively 


Variance 


1s 


It ippears that 
are 
of the / 


except the “Be 


to vive a 


test 


estimate ot 
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3.91 
62.71 
10.93 
2.66 
2.54 
0.20 
3.00 


51x 


(Be 


at the 


would 


the 


Mean squares 


POOLING VALUES 
209.217 


5.604 


xpected 10% 4.54 


Ihe conclusion is that when rate of 
hydrogenation is the dependent vari- 
able there is a difference between 
This difference is 
at the 10° level of significance 


Table 1 the 


genation rate are found to be 


signihcant 
From 


catalysts 


mean values of hydro- 


Cy 58.61 cc. /min 
Cy = 48.37 cc./min 

The hydrogen absorbed results 
(J able 4) show only one probable sig- 
nificant variable, the A term. Six 
were pooled here to measure 


‘Between R” 


terms 
the significance of the 


term 

BETWEEN 

62.71 164 
3.87 


significant at the 5% level as /; ¢ 
60 Again lable 1 the mean 


values of the per cent theoretical hydro 


trom 


ven absorbed was found to be 


R, 105.57 % 
Ke 


Pooling S values, as was done under 


the two previous table the new esti- 
mate of residual error meat 
s 62.71 and the F test 


quares 


62.71 
25.0 

244 

The expected value of F 5.4 at the 

5% level is 7.71 Lhe 


tween the K 


difference be- 
factors is statistically 


significant 


Conclusion 


With the aid of the three variance 
tables 


the materials from the two processes. 


i conclusion can be drawn about 


note d 


First, no Significance wa 
tween the solvent This was the an 
ticipated result The solvents were 


very close in physical and chemical 
properties and served only to provide 
intimate mixing between the phases 
Results obtained with C and R 
Little work had been done 


were 
surprising 
on the preparation of the catalyst and 
these experiments were literally the 
first comparison made on this material 
The fact that 


tween reactants could not be explained 


a difference existed be- 


is such 


Hlowe ver the apy iwance of an In- 


teraction between ( ind F factors was 
interesting The normal plant vield 
(condition ) was with 
1.2. Examining the C values 


A 
as t 
& 
ix 
| = 
om 
oe 7.13 
“Ss 


vield 


ot one observes that they are 
opposing each other That is 
R, R, 
C, 81.75 84.30 
( 84.10 78.70 


R 


spec ihed 


value, a ¢ 
Now 


when the results with the other process 


Hence to specily an 


value must also le 


variations are included, one desires an 


explanation of the significance of ( 
and Fk alone 
ot 


C, produces the high rate 


hydrogenation and the higher 


percemtage ot theoretical hvdrogen 
absorbed but together nothing of 
importance occur The experimenter 


explains this very simply. Since this 


compound has more than one unsat 
urated position, it 1s possible lor it to 
add hydrogen in other than the posi 
tion desired. Conceivably then, over 


hydrogenation can result in a decrease 


in vield of the desired 


Data here proper 


venation is related to both catalvst tyyx 


compound 


indicate that hydro 


and some particular property of the 
reactant (which was not determined ) 
It appears that the plant could make 
muprovement over it present 80% 
vield by iIncorpor iting these favorable 


llowever t 
the 


combination le po sibil 


itv of utilizing imiication of overt 
hey 


that 
ntly 


omething 


once (on 


factory hydrogenations were run until 
100°) of the theoretical hydrogenation 
wa ibsorhe Result vere gratity 
ing as a 2 to 2.5%, yield increase was 
obtained 

It should be noted here that the ven 
eral selection of vrihcance levels ind 
the pron ot efttect must be used 
und interpreted with discretion The 
result of at test depend on the size 
of the random error hence ulficient 
expel mental work hould be avail 
ble to estimate this ert With lim 
ited data, the « perimente must have 
i clear understanding i the risks 
involved vhen atte pt to make 
I he danget ol electing 
new nificant tactor or ? in iv” 
nificant one ilwa present. (ase 
uch as the one described herem, that 
iv involve expensive plant additions 
hould have the benefit of additional 


data to iate the initial conclu 


after the 


sions 
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Frank J 


Soday 


he true synthetic fiber industry date 


T 


from the introduction of nylon t 
the textile market just prior to World 
War I] ind ha has phenome il 
rate ol yrowtl trom 10 lon 
pounds in 1940 to nearl iW) Hiv 
pounds in 1956 


Prediction: The use of synthetic fibers for all 
purposes will increase to 1.1 billion pounds by 


1965, to 4 billion pounds by 1975 (see Fig 
vre 1) 

An indication of the nfidence i 
industry im the future thet 
fiber i hown b i ecent ¢ | 
tion listing the name e 
emisynthetic tile rious sta 
of development or production t 
out the world ome re tl] 
nounced im thi counts (reslar 
Darlan Zefran LRA nylon in 
Verel. Cyanamid Creslan plant 
be located at Pensacola, Fla 1) 
Zefran plant is under construction neat 
Jamestown, Va.; Eastmat Verel tibet 


is being produced at Kingsport 
the 


location of Goodricl | 


al Rayor 


vet le ant ul ed 


and Industri: 
plant have 


addition 


* Mr. Soday is vice-president, Research and 
Development 


Chemstrand Corp., 
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resistance to soiling and launderability 
The thermoplasticity of synthetic fibers 
makes it easy to impart permanent 
pleats and creases to synthetic fabrics, 
but it may also result in glazing in 
100% synthetic fabrics 

Other problems associated with syn 
thetic fibers are pilling, fibrillation, and 
dyeing. Pilling results when a broken 
strand of fiber curls into a ball on a 
fabric because of wear and does not 
break off because of the fiber’s strength. 
It is usually controlled by proper fiber 
blending Fibrillation results when 
small strands along a single filament 
break away and form a white powder, 
masking the color of the fabric. It 
may be readily controlled by proper 
orientation of the fiber during the 
manufacturing process. Dyeing prob 
lems venerally are solved by the in 
corporation of dye acceptors in the 
polymer, such as in the aerylies, or by 
the use of dyeing assistants, as in the 
case of the polyester fibers 


SEL 
Table 1.—Important New Developments 


|. New fiber raw materials 
(1) Isotactic polymers 
(2) Viny! cyanide and tetrafivoroethylene 
polymers 
ll, New processes 
(1) Polymerization 
(a) Isotactic polymerization 
(b) Graft polymerization 
(c) Radiation polymerization 
Spinning 
(a) Emulsion sintering 
(b) Spray ond draw techniques 
(3) Yarn and spinning techniques 
(a) Textured yarns 
(b) Bulked yarns 


(c) Direct spinning 


(2 


The development of commercially 
acceptable procedures for the elimina 
tion of the problems associated with 
the use of synthetic fibers in the textile 
and related fields in recent years is 
leading to a rapid upsurge of interest 
in such fibers on the part of the textile 
processor and the consumer Further 
improvements are in sight 

These developments are of profound 
importance from the standpomt of 
assuring the increasing use of estab 
lished fibers in established end uses 
ihey are based on procedures that 
have been developed during the past 


dle« ade 


New Developments 


Other developments of the past two 
or three years are of equal, or greater, 
importance in widening the field of 
utilization of synthetic fibers. A rep 
resentative series of such developments 
is listed in Table 1 


ISOTACTIC POLYMERS 


It has long been known that the 
simple vinyl compounds, such as ethyl- 
ene and propylene, can be readily con- 
verted to polymers which can be spun 
to form fibers. However, the relatively 
low melting points and low tensile 
strengths of such fibers have greatly 
restricted their use in the textile and 
other fiber fields 

A development of great importance 
in the fiber polymer field has been the 
discovery of procedures by which vinyl 
compounds, including the simple ole 
fins such as ethylene and propylene, 
can be converted to symmetrical poly 
mers of greatly improved crystallinity 
rhese polymers are known as isotactic 
polymers, and they can be spun into 
fibers having very good mechanical and 
thermal properties. The processes for 
the production of isotactic polymers 
were developed mainly by Schildknecht 
and Alfrey in this country, Ziegler in 
Germany, and Natta in Italy 

The process involves the use of cet 
tain catalysts, known as stereo-specific 
catalysts, and the polymer molecule 
grows on the catalyst surface to form 
long straight chains. A number of dif 
ferent catalyst systems have been pro 
posed, of which the following may be 
considered to be representative 


(1) An aluminum alkyl +- titanium chloride 

(2) Lithium alkyl which may be supported 

(3) Alfin catalyst (sodium alkyl, sodium al- 
koxide, sodium chloride) 

(4) Certain hydroforming catalysts 


The polymerization proceeds to form 
long, threadlike polymers substantially 
free from branching. They are related 
structurally to the stereo (DL) forms 
of certain organic compounds posses 
sing optically active carbons in the 
chain, Thus, in the case of the iso 
tactic propylene polymer, the methyl 
groups are all located on the same side 
of the polymer chain, giving a highly 
crystalline character to the molecule 
This contrasts with the amorphous 
nature ot polyisopropylene produced 
by more conventional methods 

The implications of this procedure 
are of great importance to the fiber 
technologist because it affords the op 
portunity of making strong, high melt 
ing fibers from relatively inexpensive 
and readily available raw materials 
As a result, a substantial amount of 
work is being carried out in this coun 
try and abroad on the production of 
polyethylene, polyisopropylene, and 
polystyrene fibers from the correspond 
ing isotactic polymers. While many 
problems remain to be solved, particu 
larly in spinning operations, it is to 
be expected that a number of indus 
trially important fibers will be devel 
oped as a result of this new concept in 
the polymer field 


OTHER POLYMERS 


In addition to the provision of new 
polymer types made from simple ali- 
phatic and aromatic olefins by the iso- 
tactic polymerization procedure, other 
new polymers have been added to the 
list of those available to the fiber tech- 
nologist. These include the vinylidene 
cyanide polymers developed by Good- 
rich and the tetrafluoroethylene poly- 
mers developed by Du Pont. Fibers 
spun from the former polymers possess 
a very soft and lofty hand,* while the 
leflon fibers obtained from the latter 
have very good thermal and chemical 
resistant properties 

Isotactic polymerization methods 
may be used to give improved polymers 
from monomers already well estab 
lished in the synthetic fiber field, as 
well as to provide polymers from new 
raw materials. The work on the pro 
duction of isotactic olefin polymers 
has been closely paralleled by intensive 
work on the use of isotactic polymer- 
ization methods to modify the prop 
erties of polymers now being used for 
the production of synthetic fibers. This 
work may ultimately prove to be 
equally as valuable as the provision 
of new polymer types from monomers 
previously not considered for this pur 


pose 


BLOCK AND GRAFT COPOLYMERS 


Another fundamental development 
in the polymer field, and one of par 
ticular importance to the fiber chemist, 
has been the synthesis of block and 
graft copolymers Whereas binary 
copolymers of monomers A and B 


may have either ordered 


or random 
A BBA BB BBAA AA B— (2) 


configurations, block copolymers of 
\ and B contain long alternating 


stretches of A and B 


50A—50B—S50A—50B (3) 


while graft copolymers prepared from 
the same monomers contain blocks of 
one of the monomer as a backbone 
with branches made up of blocks from 


the other monomer 
50B S0B 50B 
50A—50A—50A (4) 


It is immediately apparent that the 
configurations of copolymers (1) and 


(2) are essentially different from those 


* “Hand” is the “feel,” the texture of a 
fabric. “Lofty” meons springy, fleecy, with 
body like wool. 
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be 

vr 

—A BA BA BA BA BA B (1) 
| 


(4), and that 
such ditferences are of sufficient mag 
nitude to impart different 
properties to the latter two copolymers, 
and to the fibers subsequently obtained 


of copolymers (3) and 


radically 


trom them. This has been verified 
experimentally, thus opening up a new 
avenue of approach to the production 
of acrylic, vinyl, and other fibers pos- 
sessing entirely new physical and 
chemical properties 

In ordered or random copolymers, 
the blending of the two constituents 
is very intimate in nature, the change 
from A to B 


molecular scale 


occurring on a micro 
As a result, the prop 
erties of such copolymers are essen- 


tially an average of the corresponding 


properties ot the two components, 
hus, if A is an oil-soluble monomer, 
such as vinyl alcohol, the resulting 


regular or random copolymer will be 


soluble in solvents of intermediate 


polarity, such as dioxane 


Block and graft copolymers, on the 
other hand, represent a much coarser 
mixture of components A and B than 
are obtained in ordered or random 
copolymers. The individual sequences, 
or blocks, of A and B display to a 
certain extent some of the characteris- 
tics of the corresponding homopoly 


A and B 


certain properties of the copolymers of 


mers of As a consequence, 
Type 3 and Type 4 should represent a 
superposition of the 
A and polymer B rather than 


properties ot 
polymer 
an average of such properties 

Results have tended to confirm this 
hypothesi Thus, a graft copolymer 
of styrene and vinyl alcohol containing 
500 


units and 


alcohol 


a backbone of stvrene 


20 branches of 25 vinyl units 


each is soluble in both water and tolu 
ene. In water, the polyvinylalcohol 
be inche are re adily di olved or sol 
vated, with the result that the in 
olubl poly tvrene egment, being 
chemucally linked to the olvated or 


d polyvinylalcohol units, is 
maintained in a tate of table sus 
penision 

If the same copolymer 1s plac ed in 
toluene, the polystyrene trunk is read 
ily dissolved vhile the polyvinylal 0- 
hol branches collapse on each other 
and are maintained in a state of stable 
uspension due to their chemical at 


tachment to the dissolved polystyrene 


rhus, in either of the two solvents 
listed, one half of the pratt copolymer 
may be regarded as being dissolved, 


while the other is precipitated. In a 


liquid which is a solvent for both com 


such as a mixture of 
tolu- 


ponent however 
al d 
ene, all segments of the polymer, both 
trunk 


the entire polymer is dissolved 


water, dimethylformamide 


and branches, are solvated and 


marketing 


4, 000 T T 
2,000 
400 
} 
300 
200 


100 
| 
40 
} 
30 
| 
7 
10}-4 i 
1940 1945 1950 1955 1960 1965 1970 1975 


Fig. 1 


FORMING BLOCK COPOLYMERS 


Block copolymers may be obtained 


in a two-step operation involving the 


preliminary preparation of Polymer A 
and Polymer B in separate reactions 
in such a way that each contains reac 


tive groups at both end followed by 
combining the two fractions and con 
tinuing the polymerization in the pres 
ence of a suitable bifunctional linking 


Ihe blocks of Vol 


Polymer B are then ¢ 


and 
ted and 
form a polymer containing the desired 
Polymer A and Polymer 


( ompo ition being 


agent mer A 


equence of 
B units, the 
regulated by the polymerizing condi 
the 


actual 


tions employed in each step of 


operation 

\ an example the polymerizat on 
of styrene at low temperature vith 
hvdroger ind terrou ulfate 
ystyrene molecule 
having an hydroxyl group at each end 


by the use of appropriate concentra 


tions of styrene, catalyst, and activator, 
the 


polystyrene blocks can be regulated at 


number of styrene units in the 
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Total U. S. synthetic fibers (millions of pounds) and population (millions 


vill, Polymethacrylate blocks then are 
prepared in a similar manner, alter 

ch the two are mixed and linked 
together vith a diisocyanate to iorm 
a linear block copolymer 


FORMING GRAFT COPOLYMERS 


lwo ven il methods | ive been u ed 
to form copolyt In the first, 
polystyrene prepared and lightly 
oxidized to torm a seri ot MOH 
group persed in an essentially ran 
ta slong the poly tvrene 
in \ i! | ilcohol then added 
tovether th a red ictivator uch 
as ferrous gluconate lhe 
react with the hydroperoxyl groups to 
produce free radical ‘ h are all 
ttached to t p | ene trunk 
result, the pol nerization the nyl 
ition of | la 1 be if hes 
n the polystyrene backbone. Other 
monorme ca of course, be used in 
place ot tvrenie ind vinyl alcohol to 
vive a iriet ol ratt copol mer 


cedure, a copolymer of styrene and 
from 1 to 2 mole % of 
tate is prepared in methylethyl ketone 


Due to the difference in rela 


vinylace 


solution 
tive reactivity of the two monomer 

the vinylacetate units are isolated and 
spaced intervals 
chain. The 
form 


widely 
along the polystyrene 
acetate then is hydrolyzed te 
hydroxy! groups, followed by the addi 
tion of ethylene oxide and a continua 
tion of the polymerization 
these conditions, all of the ethylene 


attached at 


Inder 


units are attached as chains to the 
polystyrene trunk. As in the prec eding 
procedure, a wide variety of graft 
copolymers can be prepared by thi 
method 

Phe development of block and graft 
copolymers is of outstanding import 
ance to the fiber chemist in the acrylic 
and vinyl fields 
the desirable properties ot the vinyl 


Thus, for example, 


fibers have recommended their use in 
many apparel applications, but certain 
limitations of the fiber with re pect 
to dyeing and static problems have 
retarded their use in certain field 
These difficulties have been met, in 
most part, by the preparation of co 
polymers and their use as such, or, 
in admixture with other polymers or 
copolymer to prepare fibers having 
improved dyeing and static character 
istics. The graft and block technique 
will make it possible to modify the 
fibers even further in these and other 
respects to an extent which has not 
heretofore \ 


been possible whole 


new spectrum of fibers possessing out 
standing properties for use in certain 
specific applications should result, thus 
bringing nearer the day when fibers 


can be tailored to fit definite end uses 


RADIATION AND POLYMERIZATION 


Another new development is the 
use of radiation of different types to 
influence the course of the polymeriza 
tion, usually resulting in some degree 
of cross-linking of the polymer chains 
Under carefully controlled conditions, 
radiation 


polyethylene prepared by 


polymerization procedures will give 
fibers with improved thermal resistance 
and strength, with a corresponding re- 
duction in elasticity and solubility. It 
is evident that this procedure offers 
the possibility of making an entirely 
new series of fiber types having many 
applications, particularly in the indus 


trial field 


SPINNING, DYEING, AND FINISHING 


Recently, Du Pont was confronted 
with the problem of spinning polytetra 
fluoroethylene, for which no suitable 
solvent was known and which was not 
sufficiently plasticized with heat for 


310 e 


melt spinning purposes. A procedure 
was finally developed which involved 
preparing an emulsion of finely divided 
polymer, pumping through a spinner 
ette, and fusing the particles to form 
a continuous fiber by the application 
of heat. 

This fourth spinning proces 
is basically different from the classical 
wet, dry, and melt spinning techniques, 
may be called emulsion sintering spin 


s, which 


ning. It provides a method for spin 
ning a number of intractable polymer 
which cannot be handled by other pro 
thus making available a ne 

high-softening, 


cedures, 
serie ot chemical! 
resistant fibers 

4 substantial amount of work ha 
been carried out by different companie 
on various spray and draw technique 
for the production of synthetic fiber 


without using spinnerettes. one 


uch procedure, developed by Dow 


dope s or melts are drawn into fibers 
by dispersion on countercurrent cyln 

let In a recent method developed 
by American Viscose dope or melts 


ire sprayed into a current of heated 
ir or gas, resulting in the production 


of microfiber which are of irregular 


length and small in size (0.2 deniet 
or le ) The microfibers can be com 
bined with more conventional fibers 
during the spinning process, if desired 


and the procedure otter many miter 
esting possibilitic to the fiber tech 
nologist 

Dope dyeing, in vhich the dye ot 


pigment is incorporated into the dope 


or! melt prior to the pinning opera 
tion, 18 assuming greater importance 
in the synthetic fiber field. Dyed fibers 


can be obtained at less cost and with 
greater color fastne than by conven 
tional dyeing procedures, but the large 
number of colors required by the tex 
tile trade has retarded developments in 
this field somewhat 

Improved antistatic finishes are 
being developed for several synthetic 
fiber and a substantial amount of 
work is being carried out on the de 
antistatic 


velopment of permanent 


characteristics by the incorporation of 


CORRECTION 


In “Oxide Fuel Elements for High 
Temperatures” by J. H. Handwerk and 
R. A. Noland (C.E.P., February, 1957, 
page 60-F), the following should be 
changed 

On page 60-F Mr. Noland’s title 
should be Metallurgical Engineer. 

On page 62-F the paragraph start 
ing with “The fuel subassembly 
has been clarified to read: “The fuel 


subassembly for Borax-IV consists of 
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hydrophilic ingredients into the fiber 
molecule prior to spinning. The graft 
and block techniques should be of sub- 
stantial assistance in this undertaking. 


Market Future 


A number of important uses for 
fabrics are developing or 
growing. Pile fabrics have already 
made a permanent place for them 
synthetic fur and fleece 


synthetic 


selves in the 
field, where the potential market is 
some 100 million pounds a year 
Another major field of potential ex- 
pansion is the use of synthetic fibers 
as reinforcing agents and fillers for 
plastics, and a third potentially large 
market, estimated to be nearly 70 mil- 
lion pounds a year, is in the fabrica 
tion of tarpaulins and tents where the 
nylon results 
avings in weight. The experiment of 


inflatable buildings 


use of in substantial 
made from plastic 
or rubber-coated nthetic fibers offers 
an almost unlimited field for expansion 
(A Chicago hardware firm 1 
perimental tore in a 
upported by mild 

air pressure, and in New York an 
“air house” designed by Frank Lloyd 
Wright has been on 
Collapsible tanks and containers for 


the storage ot olid 


already 
operating an ¢ 


collapsible building 


display. ) 


liquids, and gases 


ire now being manufactured by a num 


ber of companse 

\ new suspension system for auto 
mobile based on compressed air and 
a coated ynthetic fabric bellows as a 


suspending and shock absorbing mem- 
ber, has been in use on trucks and buses 
for several year and will be used 
on passenger cars in the near future 

These of cours« ire only a very 
small part of the potential markets 
but they emphasize 
From an 


for synthetic fiber 
the versatility of the fibers 
over-all tandpoint the continued im- 
provement of synthetic fibers will re 
sult in their expanding use in the tex 


tile field and the industrial field 


Condensed from a paper presented af 
A.L.Ch.E. meeting, White Sulphur Springs, West 
Virginia 


ix tube plates of aluminum-nickel al- 
loy (1 w/o Ni in 2S aluminum, & 
tubes /tube-plate ) spot welded into an 
assembly as shown in Figure 7. The 
fuel charge consists of 24 in. of urania- 
thoria pellets lead bonded in place in 
each tube plate 

The diameters of the fired pellets 
should be 0.229 = .002 in. 

In the Acknowledgment the name of 
J. M. Allan, whose help was appreci- 
ated by the authors, should be included 


: 
; 


ws 


Uranium Reduction Corporation operates some of the 
largest leaching units in the industry —eight of their ten 
big leaching tanks depend on three 30-H.P. Turbo-Mixers 
per tank to suspend over one and one-half million pounds 
of uranium ore on a continuous flow basis. These 
Turbo-Mixers have operated without interruption since 


TURBO-MIXER 


TURBO-MIXER DIVISION 
GENERAL AMERICAN 


TRANSPORTATION 
CORPORATION 


Soles offices: 380 Madison Avenve, New 
York 17, New York * General Offices: 135 South La Salle Street, 
Chicago 90, illinois * Offices in all principal cities 
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the plant went “on stream.”’ Other Turbo-Mixers in the 
Metallurgical field are handling slurries of 75% to 80% 
solids. Turbo has specialized in this type of mixing for 
over 30 years. We'll be glad to tackle your difficult sus- 
pension problems or to conduct laboratory or pilot scale 
demonstrations with your observers 


FOR DETAILED INFORMATION AND USEFUL DESIGN DATA, SEND 


FOR THE FOLLOWING BULLETINS: 


Please send me the following Turbo-Mixer Bulletin (s) 


Minerals Processing Bulletin 
——Side Entering Propeller Mixer Bulletin 


Extraction Column Bulletin 


———— General Turbo-Mixer Bulletin 


53, No. 6) 


39 


wi 

T 
can be vertically 
4 removed as a unit 
for rapid 
$pare-assembly 
replacement 
. 


WHAT'S DOING IN INDUSTRY? 


BOOM IN BORON CHEMICALS AND FUELS 


Callery Chemical, already con- 
structing its giant high-energy 
boron fuel plant, will build a 
second plant to produce spe- 
cialty boron chemicals for com- 
mercial use. New Callery plant 
will also be capable of produc- 
ing the high energy fuels. 


Olin-Mathieson Chemical has re- 
vealed that it too is building a 
$36 million plant to make high 
energy boron fuels on contract 
for the Air Force. Names raw 
materials. 


Artist's sketch of the new plant shows the eleven 
buildings and four process areas, shows simi- 
larities to Callery’s first plant ot Muskogee 
where high-energy fuels are being produced 
for the Navy 


A second boron chemicals plant to 
be built by Callery will be a $3 to $4 
million specialty boron chemicals plant 
(sodium borohydride, trimethoxybor- 
oxine, “IMB,” amine boranes, potas- 
sium borohydride, methyl borate, etc.) 
at Lawrence, Kan. The new plant 
will consist of 11 buildings and four 
chemical processing areas, is said to 
be “the world’s first fully integrated 
plant for the commercial production 
of specialty boron chemicals.” Prod 
ucts of the plant will be sold to private 
consumers, the plant will be financed 
completely by private capital 
Contract for design, procurement, 
and construction of the new Callery 
plant has been awarded to Chemical 
Plants Division of Blaw-Knox. Work 
started late in May. 


Fuels—Raw Materials 


rhe spotlight is still on the revolu- 
tionary high-energy boron fuels, how- 
ever, since Callery’s new plant will 
also be capable of producing fuels and 
fuel intermediates (diborane, penta- 
borane, decaborane), and Olin Mathie- 
son has just confirmed that its under- 
construction plant at Model City, N. Y. 


is a $36 million borane fuels plant for 
the Air Force 

In revealing that the products of 
its new plant will be the high-energy 
boron fuels, Olin Mathieson explained 
that the starting materials are boron, 
lithium, and fluorine. In the process, 
lithium hydride is reacted with boron 
trifluoride etherate to yield diborane. 
The seven major derivatives of di- 
borane, including pentaborane and 
decaborane, are obtained by applying 
heat to the diborane under the proper 
process conditions. In comparing the 
high-energy fuels to conventional fuels, 
Olin Mathieson explained that di 
borane delivers 32,000 B.t.u. a pound, 
pentaborane and tetraborane’ give 
30,000, and decaborane gives 26,000. 
This is compared to JP-4 jet fuel at 
20,000 B.t.u. a pound. 


Production of decaborane, high- 
energy compound of boron and hy- 
drogen, has begun at the Henderson, 
Nev., pilot plant of American Potash 
& Chemical Corp. The company says 
that while most of the plant’s output 
is being used to meet existing sales 
commitments, limited quantities of 
decaborane are available to industry 
for investigational purposes 0 


GOODRICH DENIES JUSTICE DEPARTMENT SUIT 


B. F. Goodrich Co. rejects and 
will fight the Justice Dept.’s 
claim that the company should 
turn over to the Government 
the Goodrich-Gulf process for 
duplicating the netural rubber 
molecule. 


In filing suit recently in Washington, 
Dd against Goodrich, the Justice 
Dept. says that Goodrich was using 
Government funds granted for research 
in the synthetic rubber field when the 
discovery of its Ameripol SN “nat- 
ural” rubber process was made. The 
Government is asking the Federal 
Court to order Goodrich to turn over 
all information on the Ameripol SN 
process so the Government can make 
at available to the entire rubber in- 
dustry 

Goodrich flatly denies the claim 
The discovery of Ameripol SN rub 
ber was a development of Goodrich 
Gulf Chemicals, Ine., and bore no re 
lationship whatsoever to a_ research 
contract between the B. F. Goodrich 
Co, and the Government. The dis- 
covery which the Government now 


seeks to take away from B. F. Good 


rich was based upon scientific knowl- 
edge purchased by Goodrich-Gulf in 
Europe in 1954.” 

The Justice Dept., on the other hand, 
claims that B. F. Goodrich received 
$1,705,400 in Federal research funds 
from 1949 to 1955, and agreed to re- 
veal to the Federal Government all in- 
formation developed during those years 

But Goodrich contends that, “the 
discovery was made with the private 
funds of Goodrich-Gulf Chemicals, not 
by B. F. Goodrich, and SN rubber is 
the property of Goodrich-Gulf Chem- 
icals, In And, Goodrich insists, 
“there is no justification whatsoever 
for the Government's claim.” 

Goodrich further claims that the 
Government is making no charge that 
its funds were used for the development 
of this particular process, but only that 
when the development took place 
Goodrich was receiving Government 
funds. 

In opposition to these contentions of 
Goodrich, the Government in its suit 
has cited the terms of its contract with 
Goodrich to this effect: “The contract 
provided that the Goodrich Co. would 
conduct research as to the principles 
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governing the preparation of rubber- 
like polymers of butadiene and its 
hydrocarbon homologues and would 
make available to the Government all 
information within the scope of such 
research acquired from any source by 
the Goodrich Co. or its subsidiaries re- 
gardless of whether such information 
resulted from research paid for by the 
Government.” 

“The contract further provided,” 
alleges the Government suit, “that the 
Government would be granted a roy- 
alty-free license of such information, 
and the right to make it available to 
other companies.” 


Multi-million pentaerythritol plant 
of Hercules at Louisiana, Mo., is 
now on stream. The new facilities 
are designed for production of 24 
million pounds of pentaerythritol and 
100 million pounds of formaldehyde 
annually. A unit designed to produce 
70 tons per day of methanol is sched- 
uled for subsequent completion. The 
complex of plants will permit Her- 
cules to produce pentaerythritol start- 
ing with natural gas and steam, the 
basic ingredients for the production 
of methanol O 


— 


Firesto 


Industry develops new easy-to-install 


RESINS 


4 


low cost 


WITH NEW CORROSION-FREE DRAINAGE SYSTEM 


drainage pipes and fittings of Pvc based on Exon 402-A 


.. another use typical of the Pin-Pointed Properties in Exon Vinyl resins 


Tube Turn Plastics, Inc., timed a journey- 
man plumber as he made a bell and spigot 
joint in a 2” Schedule 40 alloy cast iron 
line. It took 3 minutes, 45 seconds. 

Then he joined a length of new 2” 
Schedule 40 PVC pipe to a newly devel- 
oped PVC socket type solvent welding 
drainage fitting. Complete time: 56 sec- 
onds .. . a labor saving of 75% 

This is one reason it is more economical 
to dispose of corrosive industria] liquid 
wastes with drainage systems of PVC 
based on Exon 402-A resin. Installation 


requires less labor per joint . . . fewer tools 


and materials . . . and fewer joints. 

The new socket type drainage fitting 
eliminates troublesome corrosion pockets 
and gives you unimpeded flow conditions. 
It is unaffected by ground conditions, acid 
or alkaline, wet or dry. It is not subject to 
galvanic or electrolytic action 

Exon 402-A is just one resin in indus- 
try’s most complete line of versatile vinyls 
No wonder industry looks to Firestone for 
engineered answers to its needs 

For resin properties pin-pointed to the 
best answer to your own plant or product 
problems, check with Firestone. 


For complete information and technical service, call or write 


CHEMICAL SALES DIVISION: FIRESTONE PLASTICS COMPANY 
DEPT. 746H, POTTSTOWN, PA. @ A DIVISION OF THE FIRESTONE TIRE AND RUBBER CO 


1M CANADA, CONTACT CHEMICAL BALES OF VISION. FIRESTONE TIRE AND COMPANY OF CANADA LTO 


INDUSTRY'S MOST COMPLETE LINE OF VINYLS ENGINEERED TO YOUR SPECIFIC NEEDS 
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How does 
an engineer 
lose his job? 


Hundreds do it every day... without ever leaving 
the company. They become slip-stick artists, 

pencil pushers, glorified draftsmen. Unpleasant, yes, 
but easy to avoid. Selecting the right company 
makes the difference. 


Take the Tonawanda Engineering Laboratories 
of Linpe for example. LINDE engineers have 
draftsmen to do their drawings... technicians to do 
their bench work. Each man shares his office 
with only one or two others. This atmosphere, 
free of tiresome chores. encourages the solution 
of tough engineering problems... makes it easier to 
demonstrate qualities for advancement. 


This is pretty heady stuff... and not every 
engineer can qualify. The work is in the production 
and distribution of atmospheric gases as gases 
and as low temperature liquids. The background 
required is in thermodynamics, heat and mass 
transfer, and stress analysis as applied to 
pilot plants, equipment development, process 
engineering and plant design. 


There are a limited number of important 


opportunities available now, If you consider yourself 

one of the better engineers, write to Mr. R. P. Kalle. 

Dept. CP-6, Linde Company, Division of Union Carbide 
Corporation, P. O. Box 44, Tonawanda, N. Y. 


For additional 
opportunities in the 
midwest, see our 
ad on page 118, 


50 YEARS OF LEADERSHIP 


The terme “Linde” and “Union Carbide” are registered trade-marks of Union Carbide Corporation 
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INDUSTRIAL NEWS 


A major, long-term, multi-million- 
dollar expansion program involving 
complete relocation of several plants 
is underway at J. Bishop & Co. Plat- 
inum Works, Malvern, Pa. Manufac 
turing divisions and offices will be 
centralized at an East Whiteland loca 
tion, four miles west of Paoli, Pa 


Construction will start in July, 1957, 
on a new addition to the Foxboro 
Company's instrument manufactur- 
ing plant at Foxboro, Mass. Comple 
tion of the new addition, scheduled for 
early summer of 1958, is expected to 
increase the firm’s production capacity 
by approximately fifty per cent O 


A new company, California Chem- 
ical Company, will consolidate the 
chemical activities of Standard Oil 
Co. of Calif. The new organization 
will coordinate activities of two pres 
ently existing subsidiaries, California 
Spray-Chemical Corp., manufacturer 
and marketer of agricultural chemi 
cals, and Oronite Chemical Co., which 
functions im the field of industrial 


chemicals 0 


Startup of new $3,000,000 phthalic 
anhydride facilities by Pittsburgh 
Coke & Chemical’s Industrial Chemi 
cals Division near Pittsburgh will 
double the company’s phthalic an 
hydride capacity Ihe new facilities 
were designed and built by the Lummus 


Co 


Spencer Chemical will increase ca- 
pacity of their polyethylene facilities 
at Orange, Texas, from 45 million to 
9% million pounds per year. The new 
facilities will produce conventional and 
medium density polyethyl 

same high pressure proce 


since the plant started in 


A contract to modernize and expand 
Food Machinery and Chemical 
Corp.'s carbon tetrachloride plant 
at South Charleston, W. Va., has been 
awarded to Fluor Corp. Completion of 
construction 1s expected earl in 
1958, will approximately double pr 


chuction 


A plant for manufacturing silicone 
consumer products is being built at 
(greensboro, N. C., by Dow Corning 


Sinking of a shaft for a new potash 
mine will be started immediately }y 
International Minerals and Chemical 
Corp. Site of the new mine, said to 
contain ample reserves, is in the Cana 


dian province of Saskatchewan CJ 


| 


the comparative values of furnace design 
as applied to operating requirements. 


asic factors 


there a 


which must be evaluated 


4 


1—Average radiant transfer rate 


2 —Maximum deviation from average radiant 


transfer rate. 3—Average and maximum trans- 


Whenever all these 9 specifice- fer rate in convection section. 4—Maximum tube 


tions are applied to all the op- 
erating requirements, you can 
be sure PETROCHEM ISOFLOW 
FURNACES will be found most 


wall temperature, radiant or convection. S—Maximum 
efficiency with specified excess air. G —Controlled thermal 


recirculation of flue gases to provide even heat distribution 


throughout full length of each tube and equalized heat dis- 


economically desirable. 
No other furnace design can tribution around each tube. 7 —Overload and correspond 
b claim the recognition and ac- ing transfer load. 8 —Design to provide: structural column 


ceptance achieved by PETRO- 
CHEM ISOFLOW FURNACES... 
starting with one installation in 1940, 
January '57 records more then 1650 
ISOFLOW FURNACES in operation and 
under construction—a record that ie in- 
comparable just is all Petrochem tsoflow 
furnaces are more economically desirable 


by any comparison. . 
PETROCHEM-ISOFLOW FI 

UNLIM IN ae Cre mee 


PETRO-CHEM DEVELOPMENT CO., INC. « 122 EAST 42nd St., New York 17, N. Y. 


REPRESENTATIVES: 

Rowson & Ce., Houston Mason Co., Tulse * Lester Oberholiz, Los Angeles + Foville-Levally, Chicego * D 0. Foster, 

Pittsburgh Turbex, Philodelphia « Flagg, Brackett & Durgin, Boston « Wellece & Co., Denver 4 Sell Leke City 

Internationa! Li ond Rep otives:; SETEA~S.A. Comercial, industrie!, y de Estudios Aires, Argentine * 

Industria! Provendere, Coracas, Verezugia * Seclete Anonyme Weurtey, Paris, France * Societe Anowpme Beige, Linge, Beigiom * Heurtey 


supports - Ladders - Platforms - Tube Removal facil- 
ities, etc. 9 —Degree of assembly; of the furnace 
structure and of the heating surface 


— 
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WHAT'S DOING IN INDUSTRY? 


THREE NEW ETHYLENE OXIDE PLANTS 
WILL PRODUCE 180 MILLION POUNDS 


The Lummus Co. is now building 
three large ethylene oxide 
plants, the first commercial 
plants to make use of Shell 
Development's direct oxidation 
process. The three plants are: 

® Wyandotte Chemical’s near 
Baton Rouge, La. 

® Calcasieu Chemical Corp.'s 
at Lake Charles, La. 

® Petroleum Chemicals Ltd.'s 
plant at Partington, England. 


Representing major expansions in 
ethylene oxide and ethylene glycol 
facilities (60 million pounds of ethylene 
oxide at each plant) as well as the first 
commercial applications of Shell De 
velopment’s new direct oxidation pro 
t the three plant being designed 
and engineered by Lummus are ex 
pected to demonstrate the advantage 
of the Shell process which are said to 
include high yields and the virtual 
elimination Of waste disposal problem 
encountered in the chlorohydrin proc 

At Wyandotte Chemical facility 
it Geismer, La. near Baton Rouyg 
most of the high purity ethylene oxic 
produced will be converted by thermal 
hydration to ethylene glycol in the 
facilities provided for this purpose at 
the plant 

Caleasieu Chemical’s imstallation at 
Lake ¢ hark will al o have in ethylene 
glycol section, will get it ethylene 
from Petroleum Chemicals, The 


English plant of Petroleum Chemicals 
Ltd., one of the Royal Dutch Shell 
group companies, does not include a 
glycol section, is not going into glycol 
produc tion. 

All three plants should be on stream 
by mid-195# 


The Process 

Shell's process, now thoroughly 
tested in pilot plant stage, is a direct 
catalytic oxidation of ethylene with 
oxygen in fixed bed reactors over a 
ilver catalyst. Air could be used 


the process, but oxygen | more 
economical, and the three plants will 
use oxygen, presumably produced from 
air in an oxygen section at the plant 
ite ( ipital investment is consider 
ably lower when oxygen is used 

After formation of the ethylene 
oxide in the reactor sections of the 
plants, it is purified by absorption m 
vater, is depressured, distilled, and 
dried. (Some glycol invariably will 
orm during this operation. ) 

Yield factors in the proce based 
on 98% ethylene and 95% oxygen, are 
iid to be 1.1 pounds of ethylene for 
each pound of ethylene oxide; 1.810 
pound ot oxygen tor each pound ol 
ethylene oxide ind 0.753 pound ol 
ethylene oxide per pound of ethylene 
glycol 

Phe ethylene glycol tep u ed in the 
Shell proce is thermal hydration of 


ethylene oxide at elevated temperatures 


ind pre ure with a pecial catalyst 


Lummus eng s, the designers and builders of all three new ethylene oxide plants, study o 
scale model of Wyandotte Chemical’s new facility expected to be on stream before mid-1958. 
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MAJOR EXPANSION AT 
FORMER GOVERNMENT 
SYNTHETIC PLANT 


At the former Government- 
owned synthetic rubber plant in 
Houston, Goodyear Tire and 
Rubber has just completed a 
50% expansion at a cost of 
$10 million. 


Completion of a production capacity 
boost of Goodyear’s Plioflex rubbers 
has brought total production at the 
Houston plant to 220,000 long tons a 
year. This makes the plant the world’s 
largest single producer of dry type 
synthetic rubbers 


Each of these new reactor lines contains eleven 
5,000-gallon reactors. The three stripping 
towers of the recovery orea tower above the 
new reactor building of Goodyear’s plant 


Completion of the expansion came 
just two years after Goodyear pur 
chased the plant from the Government, 
and the company feels it is indicative 
of the progress made by private own 
ership and operation of the plant 


New Facilities 


Heart of the $10 million expansion 
are two completely new reactor lines 
In each line there are 11 reactors of 
5,000-gallon capacity each. The new 
recovery area has three new stripping 
columns 

Included in the expansion are new 
spherical butadiene blend tanks (210,- 
000 gallons each). This makes pos- 
sible a sevenfold increase im storage 
capacity of the butadiene. Styrene 
storage capacity has also been in 
creased. These new facilities should 
enable the plant to turn out its larger 
quantities with more uniform quality. 

To allow more accurate control at 
every stage of the process, instruments 
and controls have been centralized 


TURN FOR MORE NEWS ON 


INDUSTRY page 46 et seq 
NUCLEAR page 50 
INSTITUTIONAL page 82 
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WORLD’S MOST UNIFORM CRYSTALS 


PRODUCED THE S-W KRYSTAL WAY 


There is a science to the production of controlled crystals and 


STRUTHERS WELLS PRODUCTS 


PROCESSING EQUIPMENT DIVISION 
Crystollizers . . . Direct fired Heaters . . 
Eveporotors . . . Heat Exchangers. . . Mixing 
ond Blending Units .. . Quick Opening Doors 
» « Special Carbon ond Alloy Processing 
Vessels . . . Synthesis Converters 


BOWER DIVISION 
BOMERS for Power ond Heat . . . High ond 
Low Pressure... Woter Tube... Fire Tube... 
Pockoge Units 

FORGE DIVISION 

Pressure Vowels... Hy drodic 


. Tengent Benders . . . Folding 
. «+ Roller Teble ond Tumble Die 
« Press Brakes. . . Punch 


that is the basis of design for Struthers Wells Crystallization 
Equipment. SW pioneered the development of controlled crys- 
tallization and today can offer you the greatest wealth of expe- 
rience available for equipment designed to give better crystal 
products at lower costs 

Production of uniform crystals means reduction of overall 
costs by making filtration easier, reducing dust losses in drying, 
and improving purity of product 

When you have a crystallization problem, call on Struthers 
Wells’ broad experience and capable staff. Pilot plant or 
laboratory tests are at your disposal. For basic information 


WRITE for Bulletin No. SOA 


B CONTROLLED CRYSTAL SIZE B UNIFORM CRYSTAL SIZE 
B HIGH PURITY & LOWER OVERALL PRODUCTION COST 


*Reg. U.S. Pat. Off 


STRUTHERS WELLS Corporation 


Plants at Warren, Pa. 


WARREN, PA. and Titusville, Pa. 
Offices in Principal Cities 
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Bock vp Rolls 
MACHINERY DIVISION 
MACHINERY for Sheet ond Structural Metal wll Ss 
Forming 
Mochines 
Bending 
ing and Notching Mochine: . forming Dies 


Gas Density Balance 

... for continuous, 
accurate measurement 
of process gas streams 


Arnold O. Beckman, Inc., announces 
their new Gas Density Balance designed and 
constructed for rugged industrial use. This 
new instrument—known as the Model 3A— 
gives more sensitive, more versatile and more 
convenient readings than any gas density 
measuring unit now in use. The Model 3A 
is not only suited for specific gravity meas- 
urements of process streams, but also per- 
forms equally well for quantitative measure- 
ments of natural gas, H,, CO, or other gases. 
The Model 3A is a null-balance type instru- 
ment which measures gas density by a direct 
physical principle, assuring rapid and ac- 
curate readings. 


For more information on the Model 3A Density Balance 


HERE ARE A FEW OF 
ITS MANY OUTSTANDING 
FEATURES ... 


Ranges: Single or multiple 
ranges with spans from 0.05 to 
5.0 sp. gr. relative to air. 


Ra Response: 95% of any 
reading in less than one 
minute. 


Sensitivity and Accuracy: 
of scale. 


Resistant: Measur- 
ing element protected against 
corrosive elements. 


Output: 0-5 millivolts standard 
for use with potentiometer 
type recorders. Current or 
pneumatic output available 
with instruments having single 
ranges, or two of more ranges 
having @ common end point. 


Sample Required: 48 cubic 


inches per minute at 10 psi. 
Power Required: 130 watts 

The Arnold O. Beckman 
Gas Density Balance is a sin- 
gle compact unit, designed for 
woll or flush mounting. The 
standard steel case is vopor 
tight, thermally insulated and 
controlled so that operation is 
unaffected by ambient tem- 
perature changes. The unit 
weighs about 65 Ibs. Explo 
sion-resistont cases ore also 
available. 


write directly for Data File 224-67 


0. Bockman 


1020 MISSION STREET © SOUTH PASADENA, CALIFORNIA 
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INDUSTRIAL NEWS 


Said to be the first commercial oxy- 
gen manufacturing plant in Missis- 
sippi, the new facilities of National 
Cylinder Gas Co. in Jackson went on 
stream May 15, 1957. The plant, which 
will also produce acetylene and nitro- 
gen, will pipe oxygen directly to the 
adjacent plant of the Mississippi Steel 
Corp. and will serve industrial users 
throughout central Mississippi 0 
A new laboratory offering research 
and development services on a con- 
tract basis has been established in 
Madison, Wis., by Trionics Corp 
Services are available to both industry 
and government agencies. Special 
fields of activity will include: high 
and low temperature resistant mate 
rials, coatings and surface treatments 
plastics, corrosion inhibition, and 
radiochemistry Cj 


New Dow Chemical petrochemicals 
plant is under construction at Bay 
City, Mich. Petroleum by-products 
from the adjacent Bay Refining Corp., 
acquired last summer by Dow, will 
be piped directly to the new plant 
which will consist of a cracking unit, 
an ethylene unit, and a butadiene unit 
Production, mainly ethylene, will be 
coordinated with Dow plastic produc 
tion facilities at Midland a) 


Expansion plans will more than 
double Plaskon melamine and urea 
molding compound production at 
Toledo plant of Jarrett Division 
( Allied) Ihe expansion, scheduled 
for completion by mid 1959, will make 
the Toledo facilities the largest thermo- 
setting resins plant in the country, 0 
Monsanto Chemical Co. has doubled 
its St. Louis production capacity for 
bisphenol A, an intermediate used in 
manufacture of epoxy resins and oil 
soluble phenolic resins. Increased de- 
mand for bisphenol A is attributed by 
Monsanto to the current epoxy boom. 
Domestic production Of epoxies 1s said 
to have totaled 30 million pounds m 
1956, an increase of more than fifty 
per cent over 1955 a 


The entire chlorine output of Kaiser 
Aluminum and Chemical Corp.'s 
chlorine-caustic soda plant being 
built at Grammercy, La., will be mar 
keted by the Industrial Chemicals 
Division of Olin Mathieson. Sched 
uled for completion this fall, the new 
plant will have a capacity of 100 tons 
a day of chlorine and equivalent caus 
tic. The caustic will be used by Kaiser 
itself in its new alumina operation at 


(srammercy 
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Install a Fairbanks-Morse Westco peripheral pump 

. and make sure of efficiency with little or no loss 
of capacity! 

How? Through original F-M Westco design 
these pumps deliver approximately the same capac- 
ity when discharging against high pressure or low 
pressure —and all at 1750 rpm.! Another important 
point: by featuring a multi-vaned impeller, these 
Westco peripheral pumps deliver multi-stage per- 
formance from a single-stage pump. 


You'll find Westco peripheral pumps ideal as in- 
tegral parts of machines, units or systems such 
as circulating hot water, ice water or brine or 
for service on clear water, sump, solvents or chem 
ical fluids, feeding filters or boilers, or as booster 
pumps. Capacities to 200 gpm., heads to 600 feet. 
For complete information and assistance contact 
your F-M Pump Dealer, or write today to 
Fairbanks, Morse & Co., Dept. CEI’6, 600 South 
Michigan Avenue, Chicago 5, Illinois. 


FAIRBANKS-MORSE 


a name worth remembering when you want the BEST 


PUMPS @ SCALES © DIESEL LOCOMOTIVES AND ENGINES © ELECTRICAL MACHINERY © RAIL CARS © HOME WATER SERVICE EQUIPMENT © MOWERS «© MAGNETOS 
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Who can give you a Heat Exchanger with 
all this wrapped up in one package? 


Higher rates of heat transfer 
Closer temperature approach 


Elimination of temperature 
strains—completely 


Compactness—much smaller 
space requirements 

Most shipments made from 
stock 


Complete dependability 


— and all at competitive prices! 


So, gentlemen, the actual “low- 
down" is that we don't have com- 


petitors when it comes to Heliflow”. Showing 
unique 


Enthusiastic users of over 100,000 Heliflow Heliflow ® 
units agree—"there is nothing quite like Helilow™ construction 


HIGH PRESSURE 
With Heliflow® you CAN'T tell the difference! 


Graham MANUFACTURING CO., | 


416 LERINOTON AVE. NEW YORK 17, 
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INDUSTRIAL NEWS 


American Potash & Chemical Corp. 
has formed a new subsidiary, San 
Antonio Chemicals, Inc., for which 
| a $750,000 plant has been built at 
San Antonio, Texas, near the facili- 
| ties of American Lithium Chemicals, 
Inc., another American Potash & 
| Chemical subsidiary. The new com- 
pany will process end liquors from 
lithium hydroxide manufacturing proc- 
| esses to produce a mixed alkali salt, 
Alkarb, composed of the metal car- 
bonates of potassium, rubidium, cesium, 
sodium, and lithium 0 


| Hagan Chemicals & Controls, Inc., 
| acquires Bradford Laboratories, 
| Inc., which will function as a depart- 
ment of the Hall Laboratories of 
Hagan. The move marks an expan- 
| sion of Hall industrial water service 


| into the use of water flooding for the 


recovery of petroleum CJ 


Two new plants for the manufac- 
ture of “Styrofoam” are now in full 
commercial production, Dow Chem- 
ical announces. The new facilities, at 


| Riverside, Mo., and Ironton, O., double 


the company’s production capacity tor 
the product O 


A $1,500,000 expansion program is 
under way at Vacuum Metals Corp., 
an operating division of Crucible 
Steel Co. of America’s Sanderson- 
Halecomb Works at Syracuse, N. Y. 
Ihe program will double the com- 
pany’s capacity for producing high- 
purity vacuum-melted materials. The 
expansion was undertaken to meet in 
creased demand for vacuum-melted 
high quality bearings and high tem 
perature alloy steels. Construction is 


expected to he completed before the 


end ot this year 


A contract to engineer and supply 
a fat-splitting and fatty acid hydro- 
genation plant for I:mery Industries 
(Canada) Ltd., London, Ontario, has 
been given to Blaw-Knox’ Chemical 
Plants Division. The new plant will 
use the Colgate-lmery process, a con 
tinuous method which splits the fatty 
acids and glycerine from either animal 


or vegetable fats and oils Oj 


Installation of new resin reactor and 
new materials handling equipment 
at Archer-Daniels-Midland Company's 
Pensacola, Fla., plant 1s expected to 
up the plant’s production by about fifty 
per cent. Entire production of the 
Pensacola plant is scheduled to go to 
the protective coating industry in the 
South 


| lowdown" on our \e 

@s 


385 Madison Avenue 


The recent start-up of Pittsburgh Coke & Chemi- 
cal Co.'s new phthalic anhydride facilities marks 
another step in this company’s expansion in the 
chemical field. Engineered and built by The 
Lummus Company, the new plant was integrated 
with existing facilities of the company’s Indus- 
trial Chemicals Division on Neville Island in the 
Ohio River below Pittsburgh. 


Since the new plant was an expansion of exist- 
ing facilities, interference with current pro- 
duction during construction had to be kept to a 
minimum. This was done by close coordination 
between Pittsburgh Coke and Lummus engineers 
at all stages of the job. 

The plant has a number of outstanding fea- 
tures. The Lummus-designed instrumentation 
system includes thermocouples which — at the 


ENGINEERS AND CONSTRUCTORS FOR INDUSTRY 


PITTSBURGH COKE DOUBLES 
ITS PHTHALIC CAPACITY 


Lummus Engineers and Constructs $3 Million Plant 
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New York 17, N.Y 


push of a button —in the control room — travel to 
any desired point in the reactor as indicated on 
the control board, This instrumentation permits 
convenient checking of temperatures throughout 
the reactor bed, Molten salt circulated around 
the reactor maintains the desired temperature 


of reaction. 


Current Lummus projects include plants for 
the manufacture of ethylene, ethylene oxide, 
pulp and paper, beryllium metal, ammonia and 
food products. Every Lummus project reflects 
the experience of many specialists in the process 
fields. This experience is ready to work for you 

to design, engineer and build new or expanded 
facilities. If you have such a project in mind, 
discuss your plans with Lummus. 


The Lummus Company, 385 
Madison Avenue, New York 
New York. ngines ring 
and Sales Offices and Subsid- 
New York, Houston, 


Montreal, London, Paris, 
The Hague, Bombay. Sales 
Offices: Chicago, Caracas. 


He at ha nger Pla / 
Honesdale, Pa. Engineering 


Center: Newark, N. J. 


Outlined in white are the expanded phthalic 
anhydride tacilities engineered and con 
structed by lLummus for P Neburgh Coke & 


Chemical Co 


53, No. 6) « 


you can inspect and service 


CONTINENTAL-EMSCO 
SWIVEL JOINTS 


without removing from the line! 


EASILY 


long life—easy turning pepiacen 
no expensive returns 


to factory for repairs 


Continental-Emsco Swivel Joints save you time, money and 
trouble. After long service, both the packing and the ball 
races are easily replaceable. You can inspect and service 
them easily by breaking the joint as you would a pipe union. 
No costly return to the factory for repairs. Available in 8 
basic styles and over 500 models. 


Complete information 
on request 


CONTINENTAL- EMSCO 


Serving the Oil and Gas Industries 
Worldwide 


CONTINENTAL-EMSCO COMPANY 


on of The Youngstown Sheet ond Tube Company 


?O Bex 2098, Termine! Annex, LOS ANGELES 58, CALIF 
HOUSTON. TEXAS DALLAS, TEXAS CHICAGO, 


Representative @ Biche & tne 
10 Cotemtes Crete Mew 19 
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NUCLEAR NEWS 


~ 


U.S. TO LEAD WORLD 


IN STANDARDIZING 
NUCLEAR ENERGY 


International Organization on 
Standardization initiates new 
project for industrial nuclear en- 
ergy standards, assigns leader- 
ship to the United States through 
the American Standards Associa- 
tion, its U. S. member. 


In accepting ASA issignment as the 
secretariat of ISO's new nuclear et 
ergy standardization project, V ice 
Adm. G. F. Husse It ASA’'s man 


zed that “l 


has recognized 


aging director, empha 
industry it cannot af 
ford isolationism in the world race to 


harne atoms tor pace 

An ISO committee composed of nu 
clear experts trom member countries 
will hold 
July 29 to August | at Geneva 


the 


its organizational mecting 
\ plan 
for tandardization of techniques 


in applying nuclear power to indus 


trial uses will be presented. |] mphasis 
is going to be on development of safety 


tandards 


National Standards, Too 


On the national U. S. level, the 
Nuclear Standards Board of ASA has 
passed the initial planning stage, has 
determined what has already happened 
in nuclear standardization, what knowl 
what organiza 


edge is available, and 


tions exist which are capable of work 


ing in this field 


Design and engineering of the Case 
Industrial Nuclear Center is being 
done by The Austin Co. of Cleve- 


land. 


Preliminary designs are under 


way for the center which is being 
planned under the joint sponsorship 
of Case Institute of Technology and 


industrial firms interested in research 
which requires a high flux engineet 
involved 
addition to Case and 
Cleveland Electric 


ing test reactor. Companies 


at present, in 


the Austin Co., are 
Illuminating Co.; Standard Oil of 
Ohio; Schenley Industries; Republic 


Steel ; and Thompson Products, Inc. 0 


A major source of nuclear instru- 
mentation information is contained in 
the published proceedings now avail- 
able covering the Instrument Society 
of America’s National Nuclear Instru 
Conference sound copies 
are available from ISA at 313 Sixth 
Ave., Pittsburgh 22, Pa $5.00 
to non members; $3.50 to members. 0 


mentation 


Price 
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Here’s the latest 
on Lithium 


METAL DISPERSIONS 


Got a catalyst problem? 


Interest sparked by the discovery that 
lithium metal dispersions make unique 
polymerization catalysts (the poly- 
merization of isoprene to a “‘natural”’ 
rubber) indicates a heretofore unex- 
ploited instrument of research. 


Microscope and Illuminator by American Optical Company, Instrument Division, Buffalo, 


Consequently, Lithium Corporation 
is now making available experimental 
quantities of dispersions of this highly reactive 
metal. These dispersions may be purchased in 
either mineral oil or a mineral oil-petrolatum 
combination as the dispersing medium, Dis- 
persions in other media are available as special 
items. The “package’”’ is obtainable in five 


New York. Polaroid 


Land Camera by Polaroid Corporation, Cambridge, Massachusetts, 


of the lithium metal particles have a diameter 
less than 25 microns. 

Specifications, information for preparing 
the dispersions including handling instruc- 
tions, prices and product data on lithium 
metal may be obtained by submitting a re- 


sizes from 25 grams to 1 pound. Over 90°; quest on company or institutional stationery. 


LITHIUM CORPORATION 
OF AMERICA, INC. 


7540 RAND TOWER, MINNEAPOLIS 7, MINH, 


cee lLrends ahead iw industrial applications for lilhiam 


BRANCH SALE New York « Chicago « Bessemer City, N. 
MINE 
Cat Lake, Manitoba « Amos 
PLANTS St. Louis Park, Minnesota « Bessemer City, N.C 


RESEARCH LABORATORY. St. Louis Park, Minnesota 


OFFICE 
Keystone, Custer, Mill City 


PROCESSORS OF LITHIUM METAL « METAL DISPERSIONS 
METAL DERIVATIVES Armide« Hydride 


Bromide e Carbonate « Chloride « Hydroxide e Nitrate 


South Dakota « Bessemer City, N.C, 


SALTS Area, Queber 
SPECIAL COMPOUNDS: Aluminate Borate « Borosilicate Cobaitite « Manganite 
Molybdate « Silicate « Titanate « Zirconate « Zirconium Silicate 
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Creative Challenge: 
Four years ago, The Fluor Corporation, Ltd. 
looked into the future... anticipating the growing 
need for synthetic rubber. 
A challenging project was assigned to the Fluor engineering 
staff...the design of a new type of butadiene 
plant that not only processed butadiene from butane 
in a single step, but that produced a dual end-product 


of either butadiene or aviation gasoline. 


| il | fi l | ment: The new 86,000 tons per year 
Texas Butadiene and Chemical Corporation 
butadiene plant at Channelview, 
Texas — on-stream February, 1957... 
designed, engineered, and constructed 


by The Fluor Corporation, Ltd. 


Engineers and Constructors Q 
for the Petroleum, Chemical and Power Industries 
The Fluor Corporation, Ltd., Los Angeles — Mid-Continent 
Division, Houston — Research Division, Whittier, Calif. — 


Fluor of Canada, Ltd., Toronto 
Singmaster & Breyer, Inc., New York City 
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DEVELOPMENTS 
OF THE MONTH 


301 Calcium Silicate Insulation. 6-page 
bulletin gives basic data on “Thermasil”’ 
insulation for pipe covering, process ves- 


sels, etc. Ehret Magnesia Manufacturing Co 


302 Properties of Zirconium & Lircaloys 
Special Analysis Memorandum from Su 
perior Tube Co. gives physical and mechan 


ical properties 


303 Pamphlet on Tall Oil. Average char 
acteristics, specifications, and application in- 
formation. Welch, Holme & Clark Co., Inc 


304 Stearic Acid Selection Data. 24-page 
booklet from Emery Industries gives com 
position of typical grades and selection 
chart 


305 Properties of Commercial Glasses. 
Thermal, electrical, chemical properties. Vis- 
cosity ternperature curves, heat transmission 
data. Bulletin from Corning Glass Works 


306 Adhesives, Protective Coatings, Seal- 
ers. Recommend use, method of applica- 
tion, properties of eight “Ray-Bond” ad- 
hesives. Folder from Raybestos-Manhattan, 
Inc. 


307 Stainless Steel Data Sheet. Physical 
mechanical properties, corrosion and oxide 
tion resistance of special Type 418 stainless 
Allegheny Ludlum Steel Corp 


308 Sulfur Brochure. Comprehensive 48 
page brochure from Stauffer Chemical gives 
statistics, specifications, physical and chem 
ical properties of various forms of sulfur 


309 Acid-Resistant Lubricant. Special “Key 
stone 2K6" lubricant said to resist oxida 


372 Special Hydraulic Pump Motors. New 
series, designed particularily for hydraulic 
pumps, is available in drip-proof, totally 
enclosed, and explosion-proof designs. They 
incorporate a face-type registered bracket 
for mounting the pump on the motor 


Method of coupling is said to offer many 
advantages: seperate base plates or plat 
forms are eliminated; shorter, more compact 
package is achieved; built-in alignment is 
assured; installation time is reduced 


In drip-proof design, Type H motors are 


available to 20 hp and Type SC to 125 hp 


ENGINEERING DATA—MATERIALS 


tion and to be acid-free. Complete informa 


tion from Keystone Lubricating Co 


310 Comprehensive Filter Paper Catelog 
24-page catalog, many photos, charts, and 
diagrams. Eaton-Dikeman Co 


311 Gauge and Sight Glasses. Bulletin 
from Swift Lubricator Co. gives working 
pressures dimensional tolerances weights 


of wide range of glasses 


312 Liquid Plastics Chart Guide. Liquid 
vinyls, @epoxres liquid neoprenes spec ial 


ized coatings. Protective Coatings, Inc. 


314 Adsorbents Comprehensive catalog 
from Floridin Co. gives data on Florida 


Totally-enciosed and explosion proof de 


signs are available in Types J and E to 
16 hp, and in Types SD and SE to 125 hp 
For double end pump installations where 
low pressure-high volume and high pressure 
low volume pumping is required, these 
pump motors can be supplied with double 
end shafts end mounting brackets for sup 


porting two pumps 


Data sheets available from U Elec 
Motors 
Data Post Card 


Inc Circle number 172? on 


trical 


Fullers earth jomest: activated bauxite 
anda Floris synthetic magnesium lieate 
315 Titanium Pipe and Tubing. Technical 
data folder from Tubular Products Division 


Babcock & W x Co jives mechanical 
physical, and working properties of titasium 


nm tut ar form 


316 Silicones Catalog |ilustrated brochure 
lescribes more than 115 different applica 
tions for silicones S e Products De 
partment, General Electric Co 


317 Dermatitis Control Booklet, 24 page 
booklet from West Disinfecting de 
scribes auses of industrial dematitic and 


methods of treatment 


Continued on page 54 


DEVELOPMENTS 
OF THE MONTH (Cont.) 


373 Controlledvolume Pump Bulletin 
Thirty-two page brochure from the Milton 
Roy Co gives exhaustive details on their 
line of motor-driven ontrolled- volume 
pumps 

Pumps are the reciprocating positive dis 
placement type and are designed to meter 
liquids accurately within plus of minus one 
per cent against @ positive pressure differ 
ential between suction and discharge 

Capacivies range from about 45 gal./min 
down to as little as 3 milliliters/hr. Pres 
sures mey range from «a few pounds per 
square inch up to 50,000 Ib./sa.in 

For information, circle number 373 on 
Data Post Card 


meter driven 


CONTHOLLED VOLUME 
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372 Special Hydraulic Pump Motors. New 
series, designed particularily for hydraulic 


pumps, is available in drip-proof, totally 


enclosed, and explosion-proof designs. They 
incorporate a face-type registered bracket 


for mounting the pump on the motor 


Method of coupling is said to offer many 


advantages: seperate base pletes or plat 


forms are eliminated; shorter, more compact 
package is achieved; built-in alignment is 


assured; installation time is reduced 


In drip-proof design, Type H motors are 


available to 20 hp and Type SC to 125 hp 


ENGINEERING DATA—MATERIALS 


301 Calcium Silicate Insulation. 6-page 
bulletin gives basic data on “Thermasil” 
insulation for pipe covering process vet 


sels, etc. Ehret Magnesia Manufacturing Co 


302 Properties of Zirconium & Tircaloys 
Special Analysis Memorandum from Su 
perior Tube Co. gives physical and mechan 
ical properties. 


303 Pamphlet on Tall Oil. Average char 
acteristics, specifications, and application in- 
formation. Welch, Holme & Clark Co., Inc. 


304 Stearic Acid Selection Data. 24-page 
booklet from Emery Industries gives com- 
position of typical grades and selection 
chart. 


305 Properties of Commercial Glasses. 
Thermal, electrical, chemical properties. Vis- 
cosity temperature curves, heat transmission 
data, Bulletin from Corning Glass Works 


306 Adhesives, Protective Coatings, Seal- 
ers. Recommend use, method of applica- 
tion, properties of eight “Ray-Bond” ad- 
hesives. Folder from Raybestos-Manhattan, 
Inc. 


307 Stainless Steel Data Sheet. Physical, 
mechanical properties, corrosion and oxida- 
tion resistance of special Type 418 stainless 
Allegheny Ludlum Steel Corp 


308 Sulfur Brochure. Comprehensive 48- 
pege brochure from Stauffer Chemical gives 
statistics, specifications, physical and chem- 
ical properties of various forms of sulfur 


309 Acid-Resistant Lubricant. Special “Key 
stone 2K-6" lubricant said to resist oxida 


tion and to be acid-free. Complete informa 
tion from Keystone Lubricating Co 


310 Comprehensive Filter Paper Catalog 
24-page catalog, many photos, charts, and 
diagrams. Eaton-Dikeman Co 


311 Gauge and Sight Glasses. Bulletin 
from Swift Lubricator Co. gives working 
pressures, dimensional tolerances, weights 
of wide range of glasses. 


312 Liquid Plastics Chart Guide. Liquid 
vinyls, epoxies, liquid neoprenes, special- 
ized coatings. Protective Coatings, Inc. 


314 Adsorbents. Comprehensive catalog 
from Floridin Co. gives data on Florida 


Totally-enclosed and explosion-proof de 
signs are available in Types J and E to 
16 hp, and in Types SD and SE to 125 hp 
For double end pump installations where 
low pressure-high volume and high pressure- 
low volume pumping is required, these 
pump motors can be supplied with double 
end shafts and mounting brackets for sup- 
porting two pumps 


Data sheets available from U. 5S. Elec 


trical Motors, Inc. Circle number 372 on 
Data Post Card 


x | 


Fullers earth, domestic activated bauxite, 
and “‘Florisil” synthetic magnesium silicate 


315 Titanium Pipe and Tubing. Technical 
data folder from Tubular Products Division, 
Babcock & Wilcox Co., gives mechanical, 
physical, and working properties of titanium 


in tubular form 


316 Silicones Catalog. |!lustrated brochure 
describes more than 115 different applice 
tions for silicones. Silicone Products De 


partment, General Electric Co 


317 Dermatitis Control Booklet. 24-page 
booklet from West Disinfecting Co. de- 
scribes causes of industrial dematitis and 
methods of treatment 


(Continued on page 


DEVELOPMENTS 
OF THE MONTH (Cont.) 


373 Controlied-volume Pump Bulletin 
Thirty-two page brochure from the Milton 
Roy Co. gives exhaustive details on their 
line of motor-driven  controlied-volume 
pumps. 

Pumps are the reciprocating positive dis 
placement type and are designed to meter 
liquids aecurately within plus or minus one 
per cent against @ positive pressure differ- 
ential between suction and discharge 

Capacities range from about 45 gal./min. 
down to as little as 3 milliliters/hr. Pres- 
sures mey range from a few pounds per 
square inch up to 50,000 Ib./sq.in. 

For information, circle number 373 on 
Data Post Card 


motor driven 


CONTROLLED VOLUME 
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DEVELOPMENTS OF THE MONTH (Cont.) 


374 WNon-priming Centrifugal Pump. New type pump which 
makes possible easy maintenance by removal of the working 
parts as a unit separable from the piping system is offered by 
the LaBour Co., Inc. All rotating parts of the Type SZ pump 
are contained in a single assembly which may be removed or 
replaced as a unit without disturbing pipe connections or motor 
and without affecting alignment 

To permit the drive unit to be pulled away from the casing, @ 
flexible coupling spacer is removed. This permits the drive unit 
to be disconnected and removed as an assembly for replace 
ment or repair 

Fully-open impelier uses no sealing rings or closely-fitted run 
ning parts. The impeller shaft may be mounted separately to the 
drive shaft or may be welded to form a one-piece construction 
with the drive shaft. Circle number 374 on Data Post Card 


DEVELOPMENTS OF THE MONTH (Cont.) 


375 Interchangeable-head Mixers. In the Sheer-Flow industrial 
mixer, the complete mixing head is a compact self-contained unit 
consisting of the mixing shafts, stator-housing, counter rotating 
impellers, seals, and all related parts. Removal of four retaining 
bolts and loosening of the drive belt disengages the mixing head, 
permitting the insertion of a new head as soon as the other is 
removed. Spare mixing heads are available for all production 
models in 3 impeller sizes. All parts subject to immersion are 
constructed of corrosive-resistant materials. Manufactured by 
Gabb Special Products, Inc. Circle number 375 on Date Service 


Post Card (Continued on page 55) 


Numbers followed by letters are for checking your interest n> 


the products, equipment, and services advertised in this issue, 
the number corresponding to the page on which the ed 
eppears. Letters indicate position on the page: L, Left; R, right; 
T, top; 8B, bottom. A indicates a full page; IFC, IBC, and OBC 
ere cover advertisements. Numbers in the 300-series bring you 
new engineering data in the chemical engineering field 


Be sure to include your name, address, and position 
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376 Vertically-split Centrifuge! Pump. Worthington Corp. 
z : offers a new vertically-split centrifugel pump especially de- 
a 8 c 
; signed for heavy-duty service in the chemical, petroleum, and 
3 3 allied industries 
“” = ; Constructed with centerline-supported casings and circular rs 
w H 2 ' casing joints with confined gaskets, the new HN pump is seid c 
; to be suitable for temperatures up to 850° F. P 
ud Fs ' Casing thicknesses have been designed to withstand safely 2 
4 working pressures up to 600 Ib./sq.in. gauge with an eco- 
Zz ' nomical Ve-in. minimum corrosion allowance. Shafts and beer- ’ 
ings ere sized for minimum deflection to provide trouble-free 
w ‘ service under difficult suction conditions up to 500 Ib./sq.in. Me 
geuge. 
» ' Pumps ere available in three models: Type HN-end suction, 1 
I top discherge; Type HNT-top suction, top discharge; and Type 
‘ Stendardized perts provide maximum interchengeability. 
; Special alloys can be provided. Technical bulletin from manvu- C 
' facturer. Circle number 376 on Data Post Card 
1 
« 
4 Brochure—“Know Your Institute” — 
tells objective aim and benefits to 
chemical engineers who join this 
membership blenk. Circle number 
377 on Date Post Card. | 
4} 
JA 
a > 378 Low-Cost Hest Exchangers. New line of “Hi-Transfer” 
exchangers is now available from Whitlock Manufacturing Co. 
in @ wide range of standard sizes. 
Units are designed to assure maximum heet transfer with 
al $ ‘ minimum pressure drop. Shell and tubes are made for working di 
VU ~ ; pressures of 75 Ib. and are tested at 115 Ib. All parts and 
3 exchanger units are completely interchangeable to permit fast, 
BA a £ 4 easy installation and servicing. « 
~ rl Bronze bonnets and tube sheets, seamless copper shells, je 
@ Admiralty tubes, and brass baffles provide maximum corrosion 
a > ' resistance. Zinc anodes are also available when required for " 
a a specific applications le 
we Parts are readily accessible to facilitate maintenance. The 
tube bundle can be inspected by removing the bonnets and 
teh * a ' the tubes can be cleaned easily because of the straight tube 21 
3 3 design. For descriptive bulletin, Circle number 378 on Data fr 
— 
‘ey a 
| ' 

ite 

ler 
(Continued on page 58) 


PRODUCTS ADVERTISED IN THIS ISSUE 
IFC Fractionation, Absorption, and Extrac- 


tien Towers. Bulletin titled “Distillation 
Engineering and Equipment” offered by Vu! 
car-Cincinneti, inc. 


3R Bulk Feeders. Draver Feeders, product 
of B. F. Gump Co. now available with auto- 
matic timing controls. Consulting services 
on request. 


4A Mist Eliminators, Entrainment Separe- 
ters. Otto H. York, engineers and manufac- 
turers, are specialists in fluids seperation 
Literature. 


7A Ceontrolied-Velume Chemical Pump. Bu! 
letin from Lapp Insulator Co., Process Equip- 
ment Division, gives applications, flow 
charts, specifications 


BSA9A Air and Gas Compressors. Com 
plete line of reciprocating and centrifugel 
compressors for the process industries 
Pressures to 35,000 Ib./sq.in., capacities to 
255,000 cu.ft./min. Ingersoll-Rand 


10L Cementable Teflon. Provides friction- 
less linings for dry chemical handling prob- 
lems. Bulletin from United States Gasket 
Co 


11A_ Pilot Plant Heat Transfer Units. Pres- 
sures to 500 Ib./sq.in. Temperstures to 
750° F. Sizes from 0.7 to 60.0 sqft. heat 
transfer surface area. Bulletin from the 


Girdler Co. 


Vacuum and Pressure Filters. Detailed 
technical information and consulting serv- 
ices available from the Eimco Corp 


132A Fluid Mixer Assembly Catalog. 
prehensive mechenicel design information 
permitting selection of complete paddie and 
turbine type fluid mixers. Philadelphia 


Gear Works, Inc. 


15A Rotary Blender Bulletin. Nine stand 
ard models with capacities from 10 to 900 
cu.ft. Bulletin from Sturtevant Mill Co. gives 
complete specifications. 


16A Pump Catalog. Technical catelog 
from Aldrich Pump Co. describes complete 
line of pumps for the chemical process in- 
dustry. 


Drying Test Service. Exhaustive tests, 
complete and accurate product analysis, ob- 
jective and unbiesed conclusions. Wyssmont 
Co 


18A Pressure Control Pilots. Bulletin from 
Leslie Co. gives complete technica! data and 
typical applications sketches. 


23A-24A Product information. Bulletins 
from U. 5S. Industriel Chemicals Co. on 
polyethylene tubes, plestic pumps, zir- 


conium alloys, other recent technical de- 
velopments. 


25A impervious Graphite Products. Selec- 
tion guide for “Karbete” impervious graph- 
ite and “National” resin bese cements 
aveilable from National Carbon Co. Also 
catalog on graphite heat exchangers 


264 Pulse Code Telemetering Systems. 
letin—"“A Comperison of Current Telemeter- 
ing Systems.” Vapor Recovery Systems Co 


56 e 


27A Compact Process. Converts waste into 
profit. Complete story from Allis-Chaimers 
Industrial Equipment Division 


28TL Scale Feeders. for continuous dry 
blending. Feed retes from 3 ounces to 
3,000 pounds per minute. Accuracy within 
1% of feed rate. Wallace & Tiernan, Inc 
Booklet on Merchen feeders. 


2881 Chiorinators and Chemical Feeders. 
For slime elimination, water treatment and 
purification, industrial waste and sewage 
treatment. Wallace & Tiernan, Inc 


29A Vinyl! Resin Plants. Blaw-Knox Co. is 
@ pioneer in the design, engineering, and 
construction of complete plents for the 
resins end plestics § industry Consulting 


services offered 


30L Automatic Weighing Equipment. 
ing powders accurately batched with Theyer 
Sale “Autoweightion” System. Engineering 
data from Thayer Scale Co. 


High Temperature Heat Transfer Sys 
tems. “Beth-Tec” system uses molten salt 
mixture (DuPont's Hi-Tec) which melts at 
280° F. Folder with complete details from 
Bethlehem Foundry & Machine Co 


324 Tray Dryers. Single or multiple stecked 
for highly veried drying speeds end me 
terial loads. Technical details from C. G 
Sergent’s Sons Corp 


33A Design and Construction Services. 
Petroleum refining, chemical plents, ore 
beneficiating mills. Also process equipment 
Brochure from Southwestern Engineering Co 


Rubbertined Equipment. Eleven besic 
materials. Wide range of temperatures 
pressures, strengths. Details from American 
Herd Rubber Co 


35A Leak-Proof Pumps. No seals, no 
ing box, no packing. No external lubrice- 
tion. Pump end motor in single, leek-proof 
unit. Chempump Corp 


36A Corrosion-Resistent Heat Exchangers. 
In stainless, nickel, nickel alloy, aluminum 
bronze, carbon, end many other materials 
Downingtown tron Works, Inc. Bulletin 


238A Stainless Steels. Booklet—“Making the 
Most of Stainless Steels in the Chemical 
Process Industries,” forty-four peges. Cru- 
cible Steel Co. of America. 


260A Painting Manvel. Detsiled dete on 
cheracteristics of Tygon protective costings 
U. S. Stoneware 


39A Mixer Bulletins. Detsiled information 
and useful design dete from Turbo-Mixer 
Division, Generel American Transportation 
Corp 


41A Vinyl Resins. Complete line of vinyls 
engineered to the specific need of the chem 
ical industry. Information and technical 
service aveilable from Chemical Seles Divi 


sion, Firestone Plastics Co 


43A Furnaces. Unlimited in 
size, capacity, end duty. Technical date 
from Petro-Chem Development Co 
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45A Crystallization Equipment. Controlled, 
uniform crystel size, high purity, lower pro 
duction cost. Bulletin from Struthers Wells 


Corp 


46. Gas Density Balance. For continuous, 
accurate measurement of process ges 
streams. Data file from Arnold O. Beckmen, 
Inc 


47A Peripheral Pumps. Deliver approxi 
mately seme cepecity when discharging 
against high or low pressure at seme speed 
Capacities to 200 gal./min. Heads to 600 


feet. Fairbanks, Morse & Co 


48. Heat Exchangers. Higher retes of heat 
exchange approech 
Grahem Manufecturing Co 


closer temperature 


49A Plant Design and Construction. New 
phthalic anhydride fecilities of Pittsburgh 
Coke & Chemical engineered and con 
structed by the Lummus Co 


SOL Swivel Joints. Bresk like union, 
pecking easily replaced. Eight besic styles, 
over 500 models. Technical information 
from the Continental-Emsco Co 


SIA Lithium Metel Dispersions. Experi 
mentel quentities now evaileble from Lith 
ium Corp. of Americe 


OCIRCLE your Data 
Service requests on 
the handy postcard 
on page 54 to 


GET up-to-the-minute 
catalogs, data sheets 
and bulletins on new 
chemical products, 
processes and equip- 
ment. 


52A Butadiene Plants. New 86,000 tons 
per yeer Texas Butadiene and Chemical Corp 
plent designed, engineered, and constructed 
by the Fluor Corp 


5S7A Heat Exchangers. Patterson Kelley, 
Chemical and Process Division, invites in 
quiry on design end fabrication of heet 


exchangers 


Inert Gas Generator, Packaged unit 
assures constent enelysis ges whether at 
20 or 100 per cent of capacity. Capacities 
from 250 to 150,000 cu.ft./hr. Ges Atmos 
pheres, Inc 


61A Pressure Centrifuge. Merco pressure 
centrifuge offers pressure operetion, no 
solids build-up, no nozzle clogging, prec 


tical design. Bulletin from Dorr Oliver 


63A Drying Services. 


the testing and specification of all types of 


Expert services in 


drying equipment aveileble at Proctor & 
Schwertz, Inc 


64L Spray Nozzle Catelog. Details on 
zle applications, sizes, capacities, spray pet 


(Continued on pege 62) 
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PRODUCTS ADVERTISED IN THIS ISSUE 


IFC Fractionation, Absorption, and Extrac- 
tion Towers. Bulletin titled “Distillation 
Engineering end Equipment’ offered by Vul- 
carrCincinneti, inc 


BR Bulk Feeders. Draver Feeders, product 
of B. F. Gump Co. now eveileble with auto- 
matic timing controls. Consulting services 
on request 


4A Mist Eliminetors, Entrainment Separe- 
tors. Otto H. York, engineers and manufac- 
turers, ere specialists in fluids separation. 
Literature 


7A Controlled-Volume Chemical Pump. Bu!- 
letin from Lepp Insulator Co., Process Equip- 
ment Division, gives applications, flow 
charts, specifications 


Air and Gas Compressors. Com 
plete line of reciprocating and centrifugel 
compressors for the process industries. 
Pressures to 35,000 Ib./sq.in., capacities to 
255,000 cu.ft./min. Ingersoll-Rand. 


10L Cementable Teflon. Provides friction- 
less linings for dry chemicei handling prob- 
lems. Bulletin from United Stetes Gasket 


Co 


11A_ Pilot Plant Heat Transfer Units. Pres- 
sures to 500 Ib./sq.in. Temperatures to 
750° F. Sizes from 0.7 to 60.0 sq.ft. heat 
transfer surface eree. Bulletin from the 


Girdier Co 


124 Vacuum and Pressure Filters. Detailed 
technical information and consulting serv- 
ices available from the Eimco Corp. 


13A Fluid Mixer Assembly Catalog. Com- 
prehensive mechanical design information 
permitting selection of complete paddle and 
turbine type fluid mixers. Philadelphia 
Gear Works, Inc. 


15A Rotary Blender Bulletin. Nine stand 
ard models with capacities from 10 to 900 
cu.ft. Bulletin from Sturtevant Mill Co. gives 
complete specifications. 


16A Pump Catalog. Technical catalog 
from Aldrich Pump Co. describes complete 
line of pumps for the chemical process in- 
dustry 


Drying Test Service. Exhaustive tests, 
complete and accurate product analysis, ob- 
jective and unbiased conclusions. Wyssmont 
Co 


18A Pressure Control Pilots. Bulletin from 
Leslie Co. gives complete technical data and 
typical applications sketches. 


23A-24A Product information. Bulletins 
from U. 5S. Industrial Chemicals Co. on 
polyethylene tubes, plastic pumps, zir- 
conium alloys, other recent technical de- 
velopments 


imperviows Graphite Products. Selec- 
tion guide for “Karbate” impervious graph- 
te and “National” resin bese cements 
aveilable from National Carbon Co. Also 
stalog on graphite heat exchangers. 


26L Pulse Code Telemetering Systems. Bu!- 


Comparison of Current Telemeter- 
@ Systems.” Vapor Recovery Systems Co. 


56 


27A Compact Process. Converts waste into 
profit. Complete story from Allis-Chelmers, 
Industrial Equipment Division. 


28TL Scale Feeders. For continuous dry 
blending. Feed rates from 3 ounces to 
3,000 pounds per minute. Accuracy within 
1% of feed rate. Wallace & Tiernan, Inc. 
Booklet on Merchen feeders. 


2881 Chilorinators and Chemical Feeders. 
For slime elimination, water treatment and 
purification, industrial waste and sewage 
treatment. Wallece & Tiernan, Inc 


29A Vinyl! Resin Plants. Blew-Knox Co. is 
@ pioneer in the design, engineering, and 
construction of complete plents for the 
resins end plestics industry. Consulting 
services offered. 


30L Automatic Weighing Equipment. Flood- 
ing powders accurately batched with Theyer 
Scale “Autoweightion” System. Engineering 
dete from Thayer Scale Co. 


High Tempereture Heat Transfer Sys 
tems. “Beth-Tec” system uses molten salt 
mixture (DuPont's Hi-Tec) which melts at 
280° F. Folder with complete details from 
Bethlehem Foundry & Machine Co 


324 Tray Dryers. Single or multiple stecked 
for highly varied drying speeds end ma- 
terial loads. Technical details from C. G 
Sergent’s Sons Corp. 


33A Design and Construction Services. 
Petroleum refining, chemical plants, ore 
beneficiating mills. Also process equipment. 
Brochure from Southwestern Engineering Co. 


34L Rubbertined Equipment. Eleven basic 
materials. Wide renge of temperatures, 
pressures, strengths. Details from American 
Hard Rubber Co. 


35A Leak-Proof Pumps. No seals, no stuff- 
ing box, no packing. No external lubrice- 
tion. Pump and motor in single, leak-proof 
unit. Chempump Corp. 


36A Corrosion-Resistent Heat Exchangers. 
In stainless, nickel, nickel alloy, aluminum, 
bronze, carbon, and many other materials. 
Downingtown Iron Works, Inc. Bulletin, 


38A Stainless Steels. Booklet—“Making the 
Most of Stainless Steels in the Chemical 
Process Industries,” forty-four peges. Cru- 
cible Steel Co. of America. 


260A Painting Manual. Detsiled deta on 
characteristics of Tygon protective coatings 
U. S. Stoneware. 


239A Mixer Bulletins. Detailed information 
and useful design deta from Turbo-Mixer 
Division, General Americen Trensportation 
Corp. 


41A Vinyl Resins. Complete line of vinyls 
engineered to the specific need of the chem- 
ical industry. Information and technical 
service available from Chemical Sales Divi 
sion, Firestone Plastics Co. 


43A “Iscflow” Furnaces. Unlimited in 
size, capacity, and duty. Technical date 
from PetroChem Development Co 
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45A Crystallization Equipment. Controlled, 
uniform crystel size, high purity, lower pro- 
duction cost. Bulletin from Struthers Wells 
Corp. 


46. Gas Density Balance. for continuous, 
eccurete measurement of process ges 
streams. Data file from Arnold O. Beckman, 
Inc. 


47A Peripheral Pumps. Deliver approxi- 
mately seme capacity when discharging 
egeinst high or low pressure at same speed. 
Capacities to 200 gal./min. Heads to 600 
feet. Fairbanks, Morse & Co 


48. Heat Exchangers. Higher retes of heat 
exchenge, closer temperature approach. 
Graham Manufecturing Co. 


49A Plant Design and Construction. New 
phthalic anhydride facilities of Pittsburgh 
Coke & Chemical engineered and con- 
structed by the Lummus Co. 


Swivel Joints. Break like union, 
pecking easily replaced. Eight basic styles, 
over 500 models. Technical information 
from the Continental-Emsco Co. 


SIA Lithium Metal Dispersions. Experi- 
mentel quantities now aveileble from Lith- 
ium Corp. of America. 


OCIRCLE your Data 
Service requests on 
the handy postcard 
on page 54 to 

GET up-to-the-minute 
catalogs, data sheets 
and bulletins on new 
chemical products, 
processes and equip- 
ment. 


52A Butadiene Plants. New 86,000 tons 
per year Texas Butadiene and Chemical Corp 
plent designed, engineered, and constructed 
by the Fluor Corp 


57A Heat Exchangers. Patterson Kelley, 
Chemical and Process Division, invites in- 
quiry on design and fabrication of heat 
exchangers. 


59A Inert Gas Generator, Packaged unit 
assures constant analysis gas whether at 
20 or 100 per cent of capacity. Capacities 
from 250 to 150,000 cu.ft./hr. Ges Atmos- 
pheres, Inc. 


61A Pressure Centrifuge. Merco pressure 
centrifuge offers pressure operation, no 
solids build-up, no nozzle clogging, prac- 
tical design. Bulletin from Dorr-Oliver 


63A Drying Services. Expert services in 
the testing and specification of all types of 
drying equipment available at Proctor & 
Schwertz, Inc 


64. Spray Nozzle Catalog. Details on noz- 
zle applications, sizes, capacities, spray pat- 


(Continued on page 62) 
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LEAK DETECTION ... another reason 
why you get more 
for your dollar 
with p-k heat exchangers 


The man above is “snooping” around a P-K heat exchanges Precautions like these are the reasons why more and more 
to make sure it is leak free. The instrument he using is processor engineers and contractor we turning to PK 
an extremely sensitive leak detector which picks up even for their exchanger needs, P-K invites your inquiries about 
the slightest trace of a gas or vapor leak. For « xarmple it the design and fabricating of heat exchangers, Write phone 
can detect a leak so small that it would take a year for 1/100 or visit The Patterson-Kelley Co., Inc., LOG Burson Street 
of an ounce of gas or vapor to escape without discover Kast Stroudsburg, Pa 

This leak detection test is only one of the many fabricat 
ing and testing procedure that make P-K heat transfer 
equipment the best you can have. For another example Patterson Kelle 
every weld is x-raved so that any flaw can be eliminated y 
each tube end is expanded electronically for the most per Chemical and Process Division 
fect fit. Each unit's thermal rating is scientifically checked 
to assure that it will pe rform exactly at its rated « pacity Storage Chillers + 1s + and all types of heat trans 
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Engineering Data 


MATERIALS (Cont.) 


318 Primary Amyl Alcohohl. 4-paege tech 
nical bulletin from Union Carbide Chemicals 
Co. gives physical properties, specifications 
shipping data uses and pt ysiological 


propert es 


DEVELOPMENTS 
OF THE MONTH (Cont.) 


379 Miniature Hydraulic Valve Actuator 
System of miniature hydraulic actuation, de 
veloped by Oil-Dyne, Ine is said to offer 
many advantages over old-style hydraulic 
actuation of pneumatic actuation, especially 
on larger size valves and on application 
where higher pressures are involved 


Oil mits are available in a full 


range of types and motor sizes. Explosion 
proof housings are available for all standard 
urits 

Special design engineering service for 
specifi ypplications is a vailable from the 


Complete technical informa 


new fiftytwopage catalog 
will be sent on request. Circle number 379 


on Data Post Card 


Continued on page 60 


319 New Structural Material, “Lamicor 


product of the Strick Plastics Corp., said to 
ofler nprecedented combination of chem 
ical, electrical, mechanical, and structural 
properties. Bulletin and data sheets 


320 Aluminum Pipe Brochure. Describes 
use for tank and vessel hook-up. Handy 
reference tables scheduling available sizes 


and specifications. Reynolds Metals Co 


321 Phenolic Impregnations. Data sheets 


from U. §. Polymeric Chemicals, In de 
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scribe selection of products ranging from 


melamine-impregnated paper through cor 
plete line of glass fibers and mats in cor 
bination with such thermo-setting resins as 
epoxy, polyester, phenol: silicone, dially! 


phthalate, melamine 


322 Acrolein Dimer Bulletin Physical 
properties, shipping data, chemical proper 
ties, reactions, and physiological properties 


Union Carbide Chemicals Co 


323 Protective Lining Brochure. 4-page 
booklet describes sheet linings sprayed 
metal coatings synthetic resin coatings, 
combination coatings, sand and grit blast 

ing Metalweld inc., Protective Coatings 


Division 


324 Alloy Pipe and Tubing Catalog. Trent 
Tube Co., subsidiary of Crucible Steel Co 
of America, offer forty eight page catalog 
describing products fror a to 40 in. diam 


in stainless and high alloy steels 


325 Radioactive Isotopes. Technical bul 
letin from Nucleonic Corp. of America de 


scribes complete line of radioactive isotope 


for industrial, medical, research, and educ 


tional use 


326 Industrial Chemicals. Bulletin from 
Tennessee Corp. describes wide range of 


industrial and agricultural chen als 


SERVICES 


327 Diammonium Phosphate Plant Design 
John J. Harte Co. offers proven processes 
design and construction services for plants 
to produce diammonium phosphate and 
wide range of other fertilizers and indu 


trial chemicals 


328 Consulting Engineering Services. Fos 
ter D. Snell offer 26-page brochure “How 
1> Develop Successful New Products Prin 
ciples of operation and case histories are 


discussed 


EQUIPMENT 


329 Polyethylene Ventilators. Designed 
handle static pressures from ‘ea to 4 i 

and to move from 100 to 3,400 cu ft per 
minute of air. Details from American Agile 


Corp 


3230 Oil Filters Specifications, application 
data, flow rate, pressure and viscosity data 
on series “R” filters, product of the Hilliard 
Corp Features are throw-away cartridge 


and easy servicing 


331 Saran-lined Centrifugal Pumps In 
inch l-inch and 3-inch & 2-inch si 


zes 
ympletely lined with Saran and equipped 

with mechanical rotary type seals. Constru 

tion details, operating characteristics fron 


Dow Chemical Co 


332 Condenser Tube Handbook. 162 pages 
of information on corrosion and how to 


combat it. Bridgeport Brass Co 


333 Plastic Steam Jet Ejectors. Wide range 


of plastic formulations to resist hydrochlor 
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acid, chlorinated solvents, hydrofluoric acid, 
many alkalies, chlorine gas, many organics 


Haveg Industries. Literature 


334 Heat Exchangers. Stock sizes, dimer 
sions, weights, of complete line of nor 
ferrous heat exchangers in bulletin from 


Whitlock Manufacturing Co 


335 Selection Manual for Corrosion-Resist- 
ant Pumps. Comparative data for four 
types of pumps for any application up to 
350 gal./min. Capacity charts and complete 


specifications. American Hard Rubber Co 


336 Pinch Type Valves. 48-page cataiog 
from Farris Flexible Valve Corp. details full 
line of flexible pinch-type, hose-bodied 
valves in both “Standard” and new “Super 


Seal metal-enclosed designs 


337 Spray Nozzle Data Sheet. Hollowjet 
spray nozzies, product of Spraying Systems 
Co., available in capacities from 1.5 to 1,100 
gal mn In pipe connection sizes from 
4 to 5 inch, in brass, steel and stainless 
338 Fluo-Chlorinator Catalog. Safety, non 


pulsating application, simplicity, corrosion 


O CIRCLE your Data 
Service requests on 
the handy postcard 
on page 54 to 


GET up-to-the-minute 
catalogs, data sheets 
and bulletins on new 
chemical products, 
processes and equip- 


ment. 
resistance Manual semi-automatic auto 
matic multiple rate control methods. Fischer 


& Porter Co 


339 Corrosion-Resistant Fittings. 2!-page 
catalog from Horace T. Potts Co. gives tech 
nical details of line of “Speedline stainless 


steel fittings 


340 Pump Catalog. Capacity, performance 
charts, «¢ ngineering specifications on com 
plete line of positive displacement sanitary 
and corrosion-resistant pumps 64 pages 
Waukesha Foundry Co 


341 Vibrating Screen Separator Catalog 
Operating and application data for wide 
range of process industries. Southwestern 


Engineering Co 


342 Evaporators. High speed recirculating 
and falling tube evaporators in multiple 
effect Bulletin from Goslin Birmingham 
Manufacturing Co 


343 Liquid Meter Selection Data. 28-page 
bulletin with charts giving construction de 
tails, register types, sizes Neptune Meter 
Co 


(Continued on page 60 
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H' rE's the packaged inert generator industry 

has been waiting for. It comes complete 

ready to hook “on line” and go to work. The 
desirable single burner design eliminates control 
problems, assures constant analysis gas 

whether operating at 20° or 100% of capacity 
Any gaseous fuel or light fuel oil can be safely 

used, including pure hydrogen for the production 


ere’s the Industry's 


to reduce surface temperatures well 


Most Advanced 


and safe start in accordance with Factory Mutual 


and Insurance Underwriters codes 


Inert Gas Generator 


sure you get all the facts on the advanced 


Gas Atmospheres packaged units before you buy 


End view shows 
modern control 
and simplicity 

of single burner 


construction 


equipment for producing industrial gases 
20011 WEST LAKE ROAD CLEVELAND 16, OHIO 
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“4 of nitrogen. Combustion chamber and heat } 
exchanger are of stainless steel —designed - 
Electrical circuits permit automatic purge 
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But we've only scratched the surface be 
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244 Centrifugal Collectors. Complete spe 
cifications for 41 sizes of centrifugal collec 
tors made by Kirk & Blum Manufacturing 


Co. Dimensional drawings, selection data 


345 Weather-Protected Motor Bulletin. For 
continuous outdoor operation in wind, rain, 
sand, sleet or snow 


900 hp. Allis-Chalmers 


Ratings from 250 to 


346 High Vacuum Equipment 


price list and product index covers 400 


16 page 


items including diffusion pumps, rotary gas 
ballast pumps, mechanical booster pumps 
vacuum gauges seals and valves NRC 


Equipment Corp 


347 Portable Ribbon Mixers. in carbon 
steel, stainless or Monel, with or without 
heating or cooling jackets. From 0.34 to 
20 cult 
Young Machinery Co 


working capacity Details from 


348 Standardized Heat Exchangers. Pfaud- 
ler Co. offers complete line of single and 
double-pass carbon shell heat exchangers 


for two-week delivery 


349 Quick Connect Couplings. With Teflon 
or Kel-F seals, for handling acids, alkali, 
solvents, from minus 100 to plus 500° F 
For live steam up to 460" F. Bulletin from 


Snap Tite, Ine 


350 Impervious Graphite Rupture Disks 
Accurate to plus or minus 5% of rated 
burst. 100% cléan rupture, Unaffected by 
practically all corrosives at femperatures to 


650° F. Bulletin from Falls Industries, Inc 


351 Corrosion-Proof Expansion Joints. Bul 
letin from Garlock Packing Co. describes 
seven styles of rubber, neoprene and 
Teflon-lined expansion joints and flexible 


couplings 


352 Continuous Solid-Liquid Contactor. De 
signed for large scale extracting operations 
in chemical processing industries, new unit 
made by Gifford-Wood Co. features unique 


slow motion agitation action. Literature 


353° Fluid Control Valves. for air, oi! or 
water hydraulic use Designed for pres 


sures from 200 to 5,000 Ib. /sqin. Available 


60 e 
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Engineering Data 


in sizes through % in Catalog 


from Modrich Fluid Controls, Inc 


354 Diesel-Engine Compressors. Booklet 
from Ingersoll Rand describes new line of 


j 


“SVO integrally-built diesel-engine cor 
pressors which combine a 4- ycle Vv angle 
heavy duty diesel engine with a slow speed 
horizontal compressor on a4 single crank 
shaft without the use of gears or other 


coupling mechanisr 


355 Thermal Precipitators, For ac 
sampling of small particulate matter ir 
or other gases Bulletin from Joseph 86 
Ficklen ind 


describes continuous gravi 


metric and oscillating types 


356 Tanks and Equipment for Fertilizer 
Plants R. D. Cole Manufacturing Co. are 
designers, fabricators, and erectors of tanks 
and equipment in steel, stainless, aluminum 


and alloy plate. Bulletin 


357 Pneumatic Control System. Complete 
information on Speedomax G pneumati 
control available in 12-page folder fron 
leeds & Northrup Co 


drawings, and block diagram of systerr 


Photographs, line 


358 WNon-lubricated 


from Electro-Nite Carbon Co. describes nor 


Bearings Catalog 


lubricated bearings made from carbor 


graphite material Nomograph charts 


grades, and design information 


359 High-Pressure Control Valves. Espe 
cially designed for automated control. Suit 
able for oil, air, steam, and hot or cold 
water up to 6,000 Ib./sq.in. Diaphragn 
operated Technical details from Sinclair 


Collins Valve Co 


360 Spray Dryers for Ceramic Industry 
Employ abrasion-resistant atomizing unit to 
insure quality product at low operating 


cost. Bulletic from Bowen Engineering, Inc 


361 Temperature Monitoring Systems 
Thermo Electric Co. offers new bulletin de 
scribing various standard sub-assemblies and 
their arrangement to form one completely 
integrated temperature monit wing system 


for capacities up to several hundred points 


Thermo- 
high tem 


362 Molten Metal immersion 


couple New thermocouple for 
perature molten metal measurements up to 
3,100° F. is offered by the Bristol Co. Tech 


nical information available from the maker 


363 Small Corrosion-Resistant Pump. No 
contact of moving parts with the fluid be- 
ing pumped. Effective for wide range of 


corrosive sterile and abrasive materials 


Details from the Randolph Co 


364 Hydraulic Power Unit Catalog. Com 
plete technical data and specifications on 
2,240 types and models of Oil-Dyne pumps 
single and duplex pressure switches hy 
draulic cylinders and accessories. Oj!l-Dyne 


Inc 


365 Rubber-lined Tanks. Bulletin describes 
line of rubber-lined tanks for storing wide 
variety of chemical solutions. Gates Rubber 


Co. Sales Division, !nc 


366 Research and Pilot Plant Equipment 
Bulletin from C. O. Bartlett & Snow Co. de 
scribes six different models of laboratory 
size dryers, calciners and kilns for se in 
research experimental pilot plant and 


product development work 


367 Filter Press Bulletin. Gives sizes and 
capacities of wood and metal filter presses 
available from the Independent Filter Press 


Co., Inc 


368 Grinding and Pulverizing Equipment 
New bulletin from American Pulverizer Co 
gives technical details of hammermill 
shredders, rolling ring crushers, and special 


purpose crushers 


369 Laboratory Instruments. 36 page cate 
log from E. H. Sargent & Co. lists complete 
line of laboratory instruments for scientific 


and industrial use 


370 Automatic Control Systems. 4-page 
bulletin discusses application of new “Elec 
trionic’” temperature controls for the heat 
ing, ventilating, and air conditioning field 


Barber-Colman Co 


371 Batch Pressure Filters. Dorr-Oliver 
offers bulletin describing design, materials 
of construction and operation of the 
“Sweetland Pressure Filter.” Typical installa- 


tion flowsheet and specification chart 


DEVELOPMENTS OF THE MONTH (Cont.) 


380 Pilot Plant Spray Dryer. A basic unit 
which can be used for drying problems of 
a general nature and which can be con 
verted quickly to meet almost all pilot plant 
needs is available from Proctor & Schwartz 


Inc 


The basic unit is suitable for drying prob 
lems of a general nature and when a wide 
variety of products are to be processed 
Addition of Accessory Group A converts the 
machine for the drying of high viscosity 
materials which require a longer falling 


rate period during drying 


Addition of Accessory Groups A and 8B 


converts the basic dryer for the production 
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of hollow spheres or thin walled “beads.” 
Groups A and C are used for conversion to 
a “dispersion” type dryer for the rapid 
processing of wet granular materials from 


filter press operations and the like 


Units are furnished complete with struc- 
tural supports and standard electric motors 
Normally, steam or gas heating is supplied; 
electric heating is available at a slight in 


crease in price 


Complete technical information is avail 
able from the manufacturer. Circle number 
380 on Data Post Card 


(Continued on page 62) 
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Merco Pressure Centrifuge 


IWMustrative drawing of Merco Pressure Cen 


Newest development in wet processing equipment, the Merco Pressure Centrifuge is 


designed for all continuous centrifuging applications at pressures up to 110 psi. Key 
to pressure Operation is a specially designed housing closure that has been exhaustively 
tested at pressures two to three times the guaranteed figure of 110 psi. Equally im 
portant, this new unit incorporates the unique Merco “Return Flow” principle for 
maximum operating flexibility. Under centrifugal forces thousands of times higher 
than gravity, even the smallest particles in the feed “sink” rapidly outward and are 
continuously expelled through fixed open nozzles in the rotor. A controlled portion 
is withdrawn as finished concentrate and the remainder becomes a return flow to the 
rotor. Wash, if desired, is introduced to the return flow line clear, excess liquor 
overflows out the top of the unit 

If there's a step in your flowsheet involving concentration, washing, clarification, 
soluble recovery, or classification under pressure, there ia a good chance that this 
new tool will prove useful. Bulletin No. 2600, just off the press, describes the Merco 
Pressure Centrifuge in detail. For your copy, write Dorr-Oliver Incorporated, 
Stamtord, Conn, 


Merco T.M. Reg. U. S. Pat. Off 


WORLD-WIDE RESEARCH + ENGINEERING + EQUIPMENT 


trifuge. In this example, wash is being intro 
duced into recycle line at point B. If no wash 
is required, valve at B is dosed. Concentrate 


is withdrawn at point A, 


Centrifugal Separations under 
pressure conditions with the new 


Cheech 


advantages 


them posttive 


Pressure Operation Con- 
centration, washing, clarification, 
soluble recovery of casifica 
tion can be carried ovt under 
pressure 

No Solids Bulid-up All 
solids entering the unit are con 
tinuously discharged Return 
flow flushes solid material at 
periphery of rotor 

No Nozzle Clogging he 
turn flow principle permits 
norrle flow 2 to 10 times as 
great as the underflow actually 
withdrawn. Merco norries will 
discharge particles as lorge as 
1/32 inch 

Practical Design All 
separating conditions are con 
trotled externally The unit is 
equipped with a sturdy housing 
which has been X-rayed and 
hydrostatically tested 
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terns, and metals. Simple selection tables 


Binks Manufacturing Co 


65A Propulsion Systems and Equipment 
Research, analysis design, prototype fabrica 
tion and tes! and manufacture Propulsion 
Research Corp., subsidiary of Curtiss-Wright 
Corp 


66A-647A Process Control System. Floating 
disc system in M/58 Controller, product of 
the Foxboro Co., insures versatility, preci 


sion, and stability. Bulletin 


68A Heat Exchangers. MW. Kellogg Co 
is equipped to handle complete job of de 
signing, engineering ard fabric ating Any 


size, any design 


7OL Vibratory Feeders. Complete catalog 
from Syntron Co. gives details of “Vibra 


Flow” vibratory feeders 


Petrochemical Plants. England's larg 
est refinery will be designed and built by 
Foster Wheeler Corp. for Esso Petroleum 


Company Limited 


72L Industrial Wire Cloth, Nine weaves 
in any metal or alloy. Eighty page catalog 
and price list from Cambridge Wire Cloth 


Co 


73A Anodes. Consulting services and out 
standing products available at Great Lakes 


Carbon Corp., Electrode Division 


Filtration Catalog. Specifications and 
technical data on filter presses man ifactured 
by D. R. Sperry & Co 


75A Centrifuges. “Super-D-Hydrator,”” pro 
duced by the Sharples Corp., shows excel 
lent results in the recovery of sodium 


chlorate crystals 


Liquid Level Controls. Bulletin from 
Fisher Governor Co. describes “Series 2800 
controls. Float actuated and available with 


either electric of pneumatic switch action 


=—Mist Eliminators. Bulletin from Metal 
Textile Corp. describes technical advantages 


of Metex “Hi-Thruput” mist eliminators 


DEVELOPMENTS 
OF THE MONTH (Cont.) 


PRODUCTS ADVERTISED IN THIS ISSUE (Cont.) 


79A Chemical Processing Equipment. For 
deaeration. deodorization. esterification, con 
centration, stripping, distillation, evapora 
tion, etc. Technical data from Rodney Hunt 
Machine Co 


BOL Viscosity Measurement and Control. 
More than 300 technical articles and refer 
ences available from Brookfield Engineering 


Laboratories, Inc 


B1A Super Refractories. Bulletin from Car 
borundum o. describes properties of their 


line of refractories 


82L Corrosion Resistant Heat Exchangers. 
In bronze, copper, Monel, Inconel, carbon 
and stainless steels, nickel, and aluminum 


Bulletin from Davis Engineering Corp 


83A Heat Transfer Medium. “Dowtherm’ 
provides temperatures to 750° F. at pres 
sures to 150 Ib./sq.in. Information from 


Dow Chemical Co 


B4L Furnace Castings. High nickel castings 
for extremely high temperatures and severe 


corrosive conditions. Duraloy Co 


85A Sulfur. Most of today's “Headline 
Products” require one or more sulfur de 
rivatives for their production. Texas Gulf 


Sulphur Co 


B6L Rotary Positive Displacement Gas 
Meters. In capacities from 2,000 to 1,000 
000 cu.ft./hr. Bulletin from Roots-Conners 


ville Blower gives technical details 


87A Stainless Steel Plates and Heads. 
Plates, heads, rings, circles, flanges, forg 
ings, bars, and sheets. Stock lists from G 


©. Carlson, Inc 


BBBL Heat Exchange and Process Equip- 
ment Condensers, evaporator. mixers, re 
actors pressure vessels heat exchangers 
reboilers, etc. Manning & Lewis Engineering 


Ce 


89A Industrial Jet Equipment. “Chill-vac 


tors steam-jet evactors, fume scrubbers 


special jet apparatus. Croll-Reynolds Co 


381 Small Oil-free Air Compressor. Mode! 
CACB, product of the Gardner-Denver Co 
is designed to provide oil-free air for the 
operation of instrument controls, as well 
as for use in food processing, brewing 
distilling, paint spraying, and in the manu 


facture of plastics, et 


Secret of the compressor is in the carbon 
parts in the cylinder which require no oil 
or water lubrication. The CACB is a single- 
stage air-cooled unit which is available 
bese or tank mounted It supplies 4 to 5 
cubic feet of oil-free air per minute, and 
is suitable for discharge pressures of 40 to 
100 Ib./sq.in 

Automatic start and stop controls are 
supplied as needed 


Complete details are available from the 


manufacturer. Circle number 381 on Data 
Post Card 


(Continued on page 64) 
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O CIRCLE your Data 
Service requests on 
the handy postcard 
on page 54 to 


P GET up-to-the-minute 
catalogs, data sheets 
and bulletins on new 
chemical products, 
processes and equip- 
ment. 


9OL Vapor condensers. Niagara Acro 
Vapor Condensers give sustained full capac- 
ity in. conder sing vapors by evaporative 
cooling with only nominal use of water 


Niagara Blower Co. Bulletin 


DIA Filteraids. “Dicalite filteraids are 
inert in acid and aqueous solutions and are 
both physically and chemic ally stable. Data 
from Dicalite Division, Great Lakes Carbon 
Corp 


92L Corrosion- Resistant Equipment. Heat 
exchangers, process tanks fume ducts 
piping, pumps, valves. Haveg Industries, 


Inc 


93A Titanium and Glassed Steel Equip- 
ment Technical information from The 
Pfaudier Co 


94L Extended Surface Heat Exchangers 
High efficiency, long service life, low main 


tenance. Aerofin Corp 


95A Methane Purification Plants. High 
purity, valuable by-products, automatic con 
trol, low power consumptior factory-as 


sembled. Air Products, In 


Corrosion-Proof Materials. For tanks, 
floors, hoods, ducts, fume +s ysterns plant 


interiors. Atlas Mineral Products Co 


97A Low Temperatures Separation Proc- 
cesses High purity hydrogen carbon 
monoxide methane ethylene propane 
nitrogen from natural gas, refinery off-gases 


and coke-oven gas. American Air Liquide 


98BL By-Product Treatment. Booklet from 
Truland Chemical Ce describes facilities for 


refining of solvent mixtures rf organic by 


products 


99A Tubing for Atomic Power. Literature 
from Superior Tube Co. gives technical data 
on tubing in wide variety of analyses and 


sizes 


100L_ Filtration Analysis Report. Filtration 
tests at user's plant without obligation using 
samples of filter paper from Eaton-Dikeman 
Co 


1O1R = Tantalum Test Kit. Corrosion test kit 
available without charge to research tech 
nicians, contains both tantalum sheet and 


wire Fansteel Metallurgn al Corp 


Strainers Twin strainers protect 


equipment without inferrupting process 


flow. Details from Elliott Co 


Continued on page 64 
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Series about 
PROCTOR SERVICES 
for your new products 


Sale 
Process Industries Sales 


No. 3: from product testing 
to guaranteed performance 


PROCTOR’S guaranteed performance of equipment is based on 
carefully planned programs of drying tests. 
This part of PROCTOR’S service to you represents an important 
value in your enlistment of PROCTOR service to solve your drying 
problem. It is a logical sequence to early work with your research 


team and the preliminary selection of drying methods discussed in 


OUF PFEVIOUS Series, 


This testing program has three main objectives: to establish wet-end 

processing needs; to determine optimum drying conditions in terms 
which can be readily translated into full scale equipment specifications 
to verify, and very often to improve upon, product quality standards 


Iherefore, three groups are involved: the manufacturer of wet 
processing machinery—filters, de-waterers, centrifuges; PROCTOR 


with their proven background in drying; you, with specific knowledge 
of your product and your market. This “triangular” approach quickly 
leads to a program which ts highly successful in the resolution of 


the drying problem. 
Having conducted the tests themselves, either at PROCTOR’S 


y engineering laboratory, as is usually the case, or under certain cond: 


/ tions, at the customer's plant, we come to the evaluation of the results 
This is one of the areas where PROCTOR’S tremendous background 
in drying, exhibits its greatest value. PROCTOR’S techniques of 
evaluation, developed in thousands of drying studies, are proven by 
industry's wide acceptance and trust in the guarantee of performance 
that accompanies all PROCTOR drying equipment 
Your letter or call will avail you of these PROCTOR Services 
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for washing, cooling, processing, 
humidifying, dehydrating and 
hundreds of other applications. 


Whatever your production or 
process requirements...you'll 
get the right spray nozzles 
quicker by calling Binks 
There is a size and spray pat- 
tern for every purpose... with 
nozzles cast or machined from 
standard or special corrosion- 


resistant metals and materials. 


Send for Catalog 5600 


Gives details on nozzle 
applications, sizes, 
capacities, spray 
patterns and metals 
Easy to use selection 


tables 


Binks M facturing C 
3114.32 Carroll Ave, 
Chicage 12, tl 


Send me your comprehensive Spray Nozzle 
Catalog 5600-—no obligation, of course 


ZONE 


64 


PRODUCTS ADVERTISED IN THIS ISSUE (Cont.) 


103TL Spray Nozzle Catalog. Comprehen- 


sive catalog from Spraying Systems Co 


103BL Gauge Glass and Cylinders. Com 
plete stock of Pyrex tubular gauge giass 
and cylinders. Swift Glass Division, Swift 


Lubricator Co 


103R Motor Lubrication Booklet. Bulletin 
from U. S. Electrical Motors, Inc. gives data 
on advantages of “Lubriflush systern of 


motor lubrication 


104TL Engineering and Contracting Serv- 
ices. C. W. Nofsinger are engineers and 
contractors for the petroleum and chemical 


industries 


104BL Papers on Heat Transfer and Fluid 
Mechanics. Preprints of papers from June, 
1957, meeting of Heat Transfer and Fluid 
Mechanics Institute. Stanford Univ. Press, 


Stanford, Calif 


105T Screw Engines. for oil-free handling 
of air and other gases. Flow rates from 350 
to 15,900 cu.ft./min Pressures to 155 Ib 

sq.in.abs. Gutehoffnungshitte (Foram Corp., 


representatives) 


10584 Welded Aluminum Tanks. Also 
chemical processing equipment in aluminun 
stainless and carbon steel, Monel and other 
alloys. R. D. Cole Manufacturing Co. Litera 


ture 


105BR Drum Reconditioning Machines 
Gilco Traveler, Model 55-BHCL, simultane 
ously and automatically cleans inside and 
outside of used steel drums. Details from 


L. M. Gilbert Co 


Water Purification Equipment. Water 
stills, demineralizers, filters, for productior 
of high-purity water. Catalogs and bulletins 


from Barnstead Still & Demineralizer Co 


107TL Steam Jacketed Gear Pumps. For 
heavy fuel oils, asphalt, etc. Bulletin from 


Schutte and Koerting Co 


107TR Laboratory Glassware. Diamond D 
Blue Line, product of Doerr Glass Co., offers 


quality and price advantages 


107BR Air Cooling Coils. Complete with 
multi-outlet expansion valves. Bulletins and 


prices from Rempe Co 


Single-Unit Flow Rate Regulators 
For precision control of blending, liquid 
circuits, process additives, coolants Tech 


nical bulletin from W. A. Kates Co 


109TR Ceramic-Insulated Thermocouples 
Bulletin from Thermo Electric Co. describes 
line of “Ceramo thermocouples for all 


types of process temperatures 


109BR Diaphragm Pumps. For corrosive 
abrasive, viscous, thick, valuable, and easily 


contaminated materials T. Shriver & Co 


112BL Laboratory Air Control Equipment 
Bulletin from Ace Glass, In 


113R Pilot Plant Rotary Dryer. Single 
shell, double shell, or steam-tube models 


Complete information from Hardinge Co 
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114L pH and Chlorine Control Handbook. 
Gives theory and application of pH control 
and describes line of equipment made by 
W. A. Taylor and Co 


114R Nickel Alloy Fabrication Misco 
Fabricators, Inc. are designers, builders of 
heat-resisting alloy and stainiess steel equip- 


ment 


122L Small Diameter Tubing. Stainiess, 
nickel, and alloy tubing, tubular fabricated 


parts. Catalogs from J. Bishop & Co 


1228R Batch Mixers. 100 to 8.000 pounds 


per batch. Literature from H. C. Davis Sons’ 


Mill Machinery Co 


122TR Radioactive, explosive, and toxic 
materials for sea disposal. Complete infor 
mation from Crossroads Marine Disposal 


Corp 


123TR Valve Warmer or Cooler. Bulletin 
from Dean Thermo-Panel Coil Division, Dean 
Products Inc describes yse of Dean 


Thermo-Panel Coil for many purposes 


1238R Pumps. Handle liquids, gases, slur- 
ries without corrosion or contamination 
Catalog from Sigmamotor Inc describes 
models with capacities from 0.2 cc. per min 


to 4.5 gal./min 


1BC Technical Planning Services. Economic 
studies, surveys, pilot plant, and engineer- 


ing, etc. Ralph M. Parsons Co 


Mixing 


ooperate in any 


OBC Research department of 


Equipment Co is glad to 


work leading to more efficient fluid mixing 


DEVELOPMENTS 
OF THE MONTH (Cont.) 


362 Small Capacity Full Cone Nozzles. 


New group of full-cone nozzles developed 


by the Spraying Systems Co provides ex 
tremely small capacities and atomization 
using hydraulic pressure only 

Twelve different nozzles are offered, in 
capacities ranging from 0.042 gal./min,. to 
1.400 gal./min. at 20 Ib./sq.in. Each nozzle 
is supplied complete with strainer 

Full-cone spray pattern of the nozzle is 
uniform in distribution and the spray angle 
ranges from 50 to 67 degrees 4s capacity 
increases. Data sheet is available with com 
plete technical information from Spraying 


Systems Co. Circle number 382 on Data 


Post Card 
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ADVANCED PROPULSION 


SYSTEMS and EQUIPMENT 
from a new subsidiary 


of CURTISS-WRIGHT 


The successful development of aircraft and missiles to 
guard America’s security demands the highest order of 
creative thinking plus a finely-tuned sense of respon- 
sibility. A unique blending of these essential qualities 
with the will and facilities for accomplishment enables 
Propulsion Research Corporation to solve propulsion 
problems created by fantastic speeds and altitudes 


Whether developing advanced propulsion systems or 
the smallest possible axial blower, PRC engineers and 
scientists work in teams in an intellectually stimulating 
environment, Projects receive the benefit of impressive 
resources in research, analysis, design, prototype fabri- 
cation and test, and manufacture. 


Current programs include engineering, research and 
development in the turbo machinery and related fields, 
and development and production of aircraft accessories 
Underway are projects in specialized centrifugal and 
axial flow blower fans, turbo pumps, turbines, fluid 
pumps, valves, auxiliary power units and cabin con- 
ditioning units 


In solving critical technical problems of precision 
components for aircraft and missiles, PRC is pacing 
America’s progress in the air and into space! 


PROPULSION RESEARCH 
A SUBSIDIARY OF 
CORPORATION + SANTA MONICA, CALIFORNIA 


Divisions and Wholly Owned Subsidiaries of Curtiss-Wright Corporation 


Warcut Mood Ridge, N. J. Ca seo 


Caldwel ‘ Devetoruent 


cre sldue J. © Comtesse Bi 


ane Pros 
Manguerre Mevas Paooucts Divison, Cleveland, Ohio Comrise oF 
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THE FOXBORO 


The M/58 Controller's Revolutionary 


Floating Disc System — 


Here’s the exclusive Foxboro design development that gives 
M/58 Control its unique versatility, precision, and stability. 
The floating disc and matched bellows assure uniformly high 
controller sensitivity and pin-point control action, even at 
widest settings of the proportional band. Lever-set propor- 
tional band adjustment is calibrated to 500%. 


Component Construction 
Gives Unrivaled Versatility 


Not only is the complete controller easily detachable as a 
unit, but also, each component is a “plug-in” unit. For 
example, reset plugs in at right as shown; derivative, 
similarly, at left. All 4 control actions, with 2 reset ranges, 
are available and easily adjustable to widest variations in 
operating conditions, Proportional action from 1 to 500% 
quickly set by lever. 


The Foxboro M/58 Consotro! Controller 
(shown full size, without cover). Can be panel-mounted 


on Consotrol Control Station, or field-mounted. 


Mi 
S 


CONSOTROL 


| oh = 
FOXBORO j 
| 
' 
| 


If you think this claim is exaggerated, just put a 
Foxboro M/58 Consotrol* Controller on your process. 
The tougher the job, the more it will outperform other 
controllers! Or ask any present user... many of the 
largest, most progressive petroleum and chemical 
processors are using hundreds of these instruments. 
They will unhesitatingly confirm that this exclusive 
Foxoboro development has put their processes “on 
stream”, automatically and smoothly from the control 
room, without false starts or confusion. 

The M/58 Controller can do the same for your 
process. The flexibility of its control functions makes 


“Reg. U.S. Pat. Ot. 


, B ORO CONSOTROL INSTRUMENTS 


it readily adaptable to all processing techniques. All 
four actions are available, with two ranges of reset 

. all are easily adjustable to the most widely vary- 
ing operating conditions. For example, reset and 
derivative functions plug in. . . proportional action 
from | to 500% can be quickly set by a lever. And 
calibration is a simple zero adjustment! 

Get full details on this simple, truly “universal” 
Controller. Write for Bulletin 13-19 and ask your 
Foxboro Sales Engineer for a demonstration. The 
Foxboro Company, 936 Neponset Ave., Foxboro, 
Mass., U.S.A. 
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—THE CHEMICAL ENGINEER’S SEPTEMBER OYSTER 


J. R. Mecredy and W: K. O'Loughlin | Davison Chemical Corporation, Baltimore, Maryland 


2 


For the Historical Man—Fort 
McHenry, Civil War battlefields. -uliuric acid 
For the Inner Man—oysters, ''' 
soft-shell crabs, best eating in 

the East. 

For the Technical Man —a 

major chemical area, another 

great technical program, and 
Wilmington 60 miles away. 

® For the Sportin’ Man—major 

league baseball, fishing, swim- 

ming. 


A Town Grown Larg 
Industrial city, ye 
ha not changed 


roud to be a 


The hotels are 

u do not have to 
nto the headquarter 
Fall is the best sease 
little walk ng im the 


ur is just what the « 
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But now the beautiful old city ha town with the advantages of a cit both Boston and Baltimore would prob 
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HOPPER LEVEL 


W6 Lexington Avenue 


Vibra-Flow 


Match the capacity of your processing equipment—elimi 
nate erratic underfeed and overfeed——-smooth out production 
cye les. 

SYNTRON “Vibra-Flow” Vibratory Feeders fill the gap 
between storage and processing. They provide a smooth, 
even flow of bulk materials—hot or cold, dry or damp, 
from powders to chunk to mixers, batchers, driers, cool 
ing and other types of processing equipment. And, what is 
most important, the flow rate is instantly adjustable, from 
minimum to maximum to meet production schedule 
changes. 

Investigate the production possibilities obtainable with 
SYNTRON Vibratory Feeders in your operation. Send 
us the details of your problem—our application engineers 
will be glad to submit recommendations. 


Builders of quality equipment for more than a Quarter-Century. 


Other SYNTRON Equipment of proven Dependable Quality 


PACKERS AND 
JOLTERS 


FLOW CONTROL 


SWITCHES VALVES 


SYNTRON COMPANY 


Homer City, Penna. 
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Scale-controlled Tubular F-22's 
handling pharmaceuticals 


SYV7TRON 
VIBRATORY FEEDERS 


Smooth, even bulk materials flow, with variable control 


BALTIMORE 


(Continued from page 69) 


know Baltimore fought on. And the 
Fort is still there, a ten-minute ride 
from the heart of the city. It has 
changed little since 1812, all its old 
cannon, fortifications, dungeons, and 
tunnels are much as they were when 
our National Anthem was born. 

The city abounds in points of inter- 
est. There is the B & O Transporta- 
tion Museum which houses a remark- 
able collection of ancient engines and 
cars in America’s first railroad station. 
There is the grave of Baltimore’s 
dark poet Edgar Allen Poe, as well as 
the house in which he lived, which is 
now a shrine. The historic shot tower 
preserves the method our forefathers 


| used to make their much-needed bullets. 


A city of churches, the first Unitarian 
church in the country is here, and 
nearby is the first Roman Catholic 
Cathedral in America. Known as the 
Monumental City, Baltimore has the 
first monument built to the memory of 
George Washington. The Walters Art 
Gallery is here and the fast-growing 
faltimore Museum of Art. The first 
dental school in America is now part 
of the U. of Maryland, and the world 
respected Johns Hopkins Univ., re- 
nowned for its documentary TV pro- 
grams on science, 1s a major center 
of chemical engineering as well as a 
remarkable cultural center 

Maryland is a beautiful state—roll 
ing green fields, a gracious country 
otten compared to the best of English 
countryside with its meadows and old 
fences—so why not leave the city on 
some side trips? The imposing Naval 
Academy is in nearby Annapolis right 
next to the world’s longest bridge—the 
a mere seven 
and a half miles long! Washington is 
35 miles away Wilmington is 60 
miles, For the historical minded, Get- 
tysburg is a short 40 miles north, An- 
Manassas 


Chesapeake Bay Bridge 


tietam is 55 miles west 
(Bull Run) only 58 mile 
Valley Forge is 90 miles north near 
Philadelphia. Mount Vernon is down 
just beyond Washington about 40 


southwest 


miles away 


Technical Program 


Want to catch up on the latest tech- 
nology in jet propulsion? It’s going to 
change the character of the fuels, lubri- 
cants, and other chemicals required 
from the chemical industry. Glenn L. 
Martin (of Baltimore, of course) is 
me of the major companies already 
deep in “Project Vanguard” and one 
symposium will cover many chemical 
engineering aspects of the launching of 
the space satellite. Another session will 


(Continued on page 72) 
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ethylene 
propylene 


butadiene 


NEW PETROCHEMICAL PLANT for 
England’s Largest Refinery, will be designed 
and built by Foster Wheeler 


The photograph above 


shows a scale model of part of Syntuetic rubber and plastic hydrocarbon raw materials 
the rt Fawley ag yf Esso (ethylene, propylene, butylene and butadiene) will be 
Pewetoum Company Limites, Foster produced from 250,000 tons per year of petroleum in- 


Wheeler was the prime contractor 2 
for this complete “grass roots” re- termediates in a major process installation at the Fawley, 


finery. It now has twenty-one process England, refinery of Esso Petroleum Company Limited, 
units and more are projected. Foster Wheeler, who built the new Fawley petroleum 
refinery, the largest in England, will also provide me- 
chanical design and construction for this petrochemical 
project. Esso Research and Engineering Company sup- 
Foster Wheeler designs and builds plied basic process design data. 

These basic hydrocarbon products represent a new and 


petroleum, chemical and petrochemical 


very substantial source of raw material for the British 


processing plants anywhere in the world. 


synthetic rubber and plastic industries 


Foster Wheeler Corporation, 165 Broadway, New York 6, N. Y. 


Foster WHEELER 


NEW YORK LONDON PARIS « CATHARL 
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INDUSTRIAL 
WIRE CLOTH 


in BULK 
or 
FABRICATED PARTS 


COMPLETE LINE 


Nine weaves ranging from 
the finest to the coarsest, in 
any metal or alloy. 


ACCURATELY WOVEN 


Individual loom operation and 
careful inspection just before 
shipment assure accurate mesh 
count and uniform mesh size. 


PROMPTLY DELIVERED 


Most bulk orders are shipped 
immediately from stock. If 
your needs are for less fre- 
quently used types, we'll 
schedule our looms to fill your 
order without delay. 


In fabricating parts... 
filter leaves, strainers, siz- 
ing screens ... we'll work 
from your prints or draw 
up prints for your OK, 


LET US QUOTE on your next order 
for wire cloth. Call your Cam- 
bridge Field Engineer—he's listed 
under “Wire Cloth” in the Yellow 
Pages of your ‘phone 

book or write for 

FREE 80-PAGE CATA- 

LOG and stock list. 


The Cambridge Wire Cloth Co. 


IN PRINCIPAL INDUSTRIAL CITIES. 


FABRICATIONS 


SPECIAL Department |, 
METAL Cambridge 64, 
Maryland 
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go deep into newly released informa- 
tion on high energy fuels. This is go- 
ing to be a must symposium 

How about direct operating labor 
costs? The estimation of direct operat- 
ing labor is « losely related to the chemi- 
cal engineer’s work with estimations 
for capital appropriations requests for 
new process facilities. Such items as 
maintenance, payroll burden, superin- 
tendence, and various overheads are all 
often pro-rated from the direct operat- 
ing labor estimate. The increasing 
trend toward automation brings all of 
this into important consideration as to 
just what the proportional expense of 
operating labor in a plant versus added 
capital investment in automatic control 
devices should be. This symposium is 
aimed at trying to formulate and 
answer some of these questions. You 
had better hear it—there is very little 


guidance any where else. e 


LADIES—MEET THE GOVERNOR! 


When you think of Baltimore you think 
of Lady Baltimore and Baltimore thinks 
of the ladies! 

Main Event: afternoon tea with 
Maryland's famous Governor, The Hon 
Theodore R. McKeldin. 


Other highlights: the coffee hour 
each morning, a trip through the huge 
McCormick and Co.'s spice and tea 
plant; a trip to historic Annapolis with 
luncheon at a famous restaurant, and 
all the time for socializing and shop- 
ping you could want. Of course, the 
ladies are expected to provide the 
“real” atmosphere on the boat trip 
and at the banquet 


Is there any company in the industry 
which isn’t thinking of possible foreign 
plants? If so, we don't } 


time is here when American firms just 


now one T he 


have to branch out abroad, but how 
many are wondering just how to go 
about it if at all there's the 
problem ot getting good men to go 
abroad. It’s not a cut-and-dried matter 
More and more chemical engineers are 
running head-on into problet of ¢ 
tablishing foreign plants every day. At 
Baltimore the committee has gathered 
a panel of experts in many aspects ot 
this problem, will turn them loose for 
discussion and your questions 

There is little doubt that our chemi- 
cal industry is becoming more aware 
and more concerned in the matter of 
plant safety. No two industries have 
a bigger problem, more universally ap- 
plicable, than the liquid air and am 
monia industries. Representatives of 
operating groups in both industries will 
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ELECTRODE 


EGLC# GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK 17, N.Y. - OFFICES IN PRINCIPAL CITIES 


DIVISION 
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WHY BALTIMORE 
(Continued from page 72) 
THE be in Baltimore to give you the latest 


on modern safety practice. On the 


plant trips, and there will be many, you 
can see actual safety practices that 
have helped set safety records in such 
diverse industries as fertilizers, sulfuri 
acid, chrome chemicals, distilling, and 


more 
The chlorine and alkali produced in 


IS THE MOST POPULAR © 
eriously out of balance. The effects ot 


uch an imbalance would have a wide 


AND MOST PROFITABLE mpact and you will not want to miss 
the current facts, figures, and theories 
on this situation. 

MA ETHOD OF LTRATION At the symposium on materials 
separations by adsorption, dialysis, and 
ion exchange, you will find some of the 

Superior Performance —The Sperry Filter Press can thor- new uses he ing devised for these tech 
oughly wash the cake while it’s still in the filter press nologies, uses that may very well solve 
chamber . . . deliver the filtrate to a higher level than the some problems you have been “chewing 
filter .. . filter emulsions . . . deliver the driest cake . . . over” back at your plant. You'll go 

: ; home from this symposium with a note 

and produce an outstanding product of uniform purity and ante full of fart 

stability. Take drying for a minute. Some 

claim it’s a pretty “dry” subject, but 
Versatility—Sperry Filter name the indstry where the efficiency 
Presses are made in a variety ind cost of this basic operation is not 
of models and capacities 
for use with any type of filter ing? Modern plants are now taking 
media or filter aid .. . to handle much more advantage of this means for 
the widest range of filterable handling sensitive materials or reac 
mixtures, including viscous thon Come to Baltimore and learn the 
materials aye under a wide current trends, as continued from the 
, ession at Boston (the basis for C/:P’s 
range of operating pressures Special Feature theme of this issue) 
and controlled temperatures. Rennes: The Student Activities Com 
mittee has planned something new and 
Economy — Sperry Filter Presses are low in first cost .. . interesting for the younger members 
low in upkeep . . . low in installation costs . . . low in op- of the profession. (Do you perhaps 
have a boy taking his first steps in 
erating costs .. . low in depreciation . . . and long in life. : 
chemical engineering ? Bring him along 


with the rest of the farhily, of course 


Sperry engineers are always available to put all the ad- mir 
Jon t forget the season-end 


vantages of the Sperry Filter Press to work for you. Write 
today for an analysis of your particular filtration problems, 
or ask for your free copy of the SPERRY FILTRATION planned social function 
CATALOG, containing specifications and other technical 
data for your reference. 

All-in-all, Baltimore is offering a 


D. R. SPERRY & CO., BATAVIA, ILLINOIS Gane ter 
Filter Plate Presses ° Closing Devices another meeting for the family. If 


{fy » 
* Filter Bases 


vacation ) 


D. R. SPERRY & COMPANY ind technical progras don't bring 
Batavia, Linois 


you how about i WMiay d ubleheader 


hetween Clevelane ind Baltimore tor 


George 8. Tarbox 808 Nepperhan Ave. [) Have your Representative Contact us vou baseball aficionad . land 
Yonkers, N. ¥ 1 ind the White Sox will be here for 


Sales Representatives , C) Send Free Sperry Catalog 


B. M. Pithashy &33 Merchants Ex. Bidg.. | Name night games during the meeting, too. ) 


San Francisco, Cal. Sei) want more? Well. there will be 

Alldredge & McCabe. aa hg 17th Ave, | Company a first-rate social program planned 
enver, 

| topped oft by a chemical et gineers 


4101 San Jacinto, Houston, Texas | teamer trip down Chesapeake Bay 


complete with sight-seeing, dinner, sea 


City —— 
breezes, and an orchestra for dancing 
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SHARPLES 


THE SHARPLES CORPORATIO 
ae 2300 WESTMORELAND STREET + PHILADELPHIA 40, PENNSYLVA 
NEW YORK © CLEVELAND © CHICAGO ORLLANS 

SEATTLE © LOS Am sane 


CHEMICAL ENGINEERING PROGRESS, June 1957 (Vo! 53. No ¢ 


| 
these re RING 
ust 
hnarples 4 
sodium chlorate crystals: 
sjurry evaporative crystallizer: 
(25% ncentration) 
ie of sodium chlorate crystals with: 
Minimum moisture (1.5%) 
(2) Minimum chloride impurities ( .03% max. ) 
(3) Minimum crystal preakage 
(4) Maximum capacity 
RESULTS: Tests on c-27 Supe produced 
the following: 
(1) Residual moisture 1.5% 
(2) chloride impurities 015% 
(3) yibrator 1eveler minimized preakage 
(4) capacity 5,500 ibs - 
(5) Rinse water only 3%, of weight of crystals 
ACTION: Tests highly successful - Recommend purchas¢ 
of two for present plant. 
Indicated also for sontempiated plants: 
¢ 


SALARY SURVEY 


OF ENGINEERS IN 
CONSULTING FIRMS 


New, detailed survey of the 
salaries of engineers employed 
by 311 consulting firms shows: 


Salary advances as expe- 
rience increases. 

® Median salaries at the vari- 
ous levels of experience. 

© The wide spread of salaries, 
with interesting peaks, among 
engineers with similar experi- 
ence and position. 


new 


enpineet 


* is based on a 


wered by 6,407 
employed by 311 


alary urvey 
tionnaire an 


of all types 


consulting engineering firm The av 
erage number of engineers employed 
by the surveyed firms is 20.6. Engi 
neet ire defined in the urvey as “all 


* Survey just made and published by the 
National Society of Professional Engineers 


the 
knowledge of 


work at 


engaged in engineering 


level which requires 


engineering, physical, natural or math 
equivalent to at 


ematical sciences 


least that acquired through completion 


of a four-year professional college 
course Technicians, draughtsmen, 
etc., are excluded 


Ihe survey is a 


salary survey and 
not an tw¢come survey. It does not 
include bonus pay, overtime pay if 


any, the profits of owners or partner 


stock plans, etc 
The detailed results of the survey 
have been coordinated and tabulated 


in the table. Broken down according 


to eight wrades of job position and 


experience box for description 


yrades), the table shows monthly 
ilaries of the engineers at narrow 
0 interval and the percentage ot 
engineers at each level within each 
yrace 


CONSULTING ENGINEERS’ SALARIES-RANGE AND MEDIAN 


Per Cent 
ide ide ide 
? 
Over $7000 
1951 2000 
1401 1950 
1551 1600 
1901 1550 
145! §00 


1301 1450 
1251 1300 
1201 1250 
1151 1200 
1101 1150 
105! 
100! 
95! 


1100 
1050 
1000 
901 950 
851 900 
801 850 
75) 
701 
65! 
| 601650 
551 400 
$01 550 
| 451 500 
401 450 
| 351 400 
| 301 350 
251 300 
201 250 
Under 200 


809 
740 


700 


358 00 433 55 504 40 


Medicn elary 


76 


Grade Grade Grace Grade Grade 
4 5 6 7 il 
‘34 

45 

00 

69 00 

34 

04 00 90 

00 09 00 

07 00 45 

Or] 00 99 34 

13 34 35 56 


562 12 
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DEFINITION OF GRADES 

Grade Typical Positions 

1. . Junior engineer 

2. . Junior engineer, party chief, 
instrumentman, quantity 
estimator, etc. 

3. Junior engineer, design 
draftsman, engineering in- 
structor, etc. 

4. . Resident, project, office, de- 
sign, test, or process engi- 
neer, etc. 

5. Project, senior office, senior 
design, senior test or process 
engineer, etc 

6. Division or district engineer, 
production engineer, etc. 

7. . Chief gi istant 
chief, director of research, 
etc. 

8 Chief engineer, director of 
research, etc 


Who Was Surveyed 


The engineers in the accompanying 
table are all employed by consulting 
firms, are all salaried. No owner 
partner or techniciat ire included 
Of the 6,407 surveyed, 40.9 per cent 
(2,624) are registered, 53.9 per cent 
are in the top five grades, only 5 per 
cent are in the top two grad \na 
lyzing the grades, we see that the 
bulk of engineers answering the survey 
are protes ional engineer ot consid 
erable experience but below the level 


of management 

Of the firms reporting, 79.1 per cent 
have 20 or fewer engineers on the 
payroll, 79.4 per cent do business in 
cities larger than 50,000 population, 
and 63 per 
the Mississippi 
per cent in the 

When the figures given by sur 


tabulated into the 


east of 


15.1 


cent are located 
(with another 
Southwest ) 

the 


veved enginee! are 


table, certain fact ire immediately 
clear First, the teady “ tep up” im 
pay as experience increases—which is 
shown both by the upward movement 
of the bar and the ascending line of 
the median. Second, as experience in 
creases there is a tendency for the 
range of salaries paid to grow wider 

shown by the growth in size of the 
bars. In turn this indicates that, com- 


pared to the median, the engineers on 
the lower pay levels tend to rise more 
slowly, and those on the top levels of 
pay rise more quickly, giving a defi 
differential in 
the higher the 


important fact disclosed by this survey 


nite widening of salary 


grades. Perhaps most 


is the very wide range of salaries 
within a single grade. But this is 
opposed by the tendency for large 


percentages of engineers to be at par 


ticular salary levels within a given 


grade 


4 
a 
Engineers in Salary Range 
| 
i 
00 00 15 11 
0.0 13 22 
00 4) 00 9.0 
15 26 221 147 
sy 35 5.2 45 
O1] | 89 30 67 
. 00 48 143 78 56 | 
63 164 69 00 | 
00 00 2 31 22.2 78 wo} | 
00 03 59 94 169 99 22 22 
02 44 46 153 205 82 17 11 
02 14 266 “9 197 20 48 | 
12 75 13.7 273 5.) 15 o4 
48 271 212 104 17 02 
19.2 4) 07 02 
38 0 108 03 
67 19 02 | 
36 
| 


Series 2800 


CONTROLS 


For use as high and low limit switches, to sound 


alarms, flash signal lights, start or stop fluid 


transfer pumps, or to operate control valves. 


Series 2800 


Series 2800 are dependable, inexpensive, snap acting 
liquid level controls. They are float actuated and, 

for maximum versatility, are available with either 
electric (explosion-proof) or pneumatic switch action, 


Either pilot type is interchangeable on the same float 
housing assembly. Stab-in type of tank mounting 
provides easy installation. Available with 

4” iron or steel flanged tank connection. 

Write for Bulletin F-2800 for complete information. 


FISHER GOVERNOR COMPANY 


Marshalltown, lowa « Woodstock, Ontario 
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Mit 
(00% ohicioncy! 


@ Whether it’s on a vertical tube ~~ anon 

column, knock-out drum or a vacuum pipe sti soi 
necessity, today, to permit 

‘oduct quality and profits down. 

unit that’ different. Hundreds of of 
openings and wire surfaces, #0 
uprising gas-liquid streams in 
physical separating contacts, can and do 


complete gas-liquid-contaminant separation. 
No other unit delivers more efficiency, —. weg e 
or less maintenance. Used and specified by — ad 

of process engineers, Metex 
Eliminators are the standard of 
efficient entrainment separation is important to g 


production and profits. 


-metal textile 
corporation 
roselle, new jersey 


he world. 
ntatives in principal cities throughout t 
Represe 
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NUCLEAR NEWS 


Revived interest in the use of flow- 
ing solid particles for nuclear fuels 
is in the works under a new contract 
awarded by AEC to Fluor Corp. Al- 
though Fluor’s findings are not yet 
established, the company believes that 
the new reactor System, based on the 
flowable solids fuel con ept, will op- 
erate with less fuel] enrichment, at 
higher temperature and lower reactor 
pressures, and will involve less cor- 
rosion in the reactoy system. Object 
of the contract is to t st and develop 
the new tuels 


An engineering and development 
contract for the development of a 
vessel impervious to molten fused 
salts has been awarded to Horizons, 
Inc., of Cleveland, by the Argonne 
National Laboratory Argonne needs 
uch a vessel for its recently devel- 
oped Fluoride Volatility Process for 
the reprocessing of nuclear fuels (See 
CEI’ February, 1957. p. 72-F for de- 
tails of the proce } ince corrosive 
tused salts used im the process attack 
the metal walls of the vessels in which 
the process is carried out C) 


The first sodium cooled “thermal” 
reactor to go critical is the Sodium 
Reactor Experiment, small-scale 


experimental civilian atomic power 
project being de veloped for the Atomic 
Energy Commi ion near Lo (Angeles 
by Atomik International. a division 


ot North American Aviation, Ine. 
During its initial lart-up test the 


SRI operated at a power le vel of about 


one kw. of heat and no electricity was 
renerated Design Capacity of SRE 
iS 20,000 kw ot heat CQ) 


This huge airtight cylinder of steel topped by 
@ dome is the reactor shell of Argonne National 
Laboratory's Experimental Boiling Water Re- 
actor which has just gone into operation. Al. 
most half the reactor shell is below ground. 
The port of the shell above ground is shown 
here in the process of being covered with o 
layer of 3-inch thick blocks of Pittsburgh Corn- 
ing Corp.'s Foamglas insulation The shell 
serves both to contain radioactive gases in the 
highly unlikely event of an explosion, and as 
insulated enclosure for the air-conditioned in- 


terior. 


= | 
/ . 
4 
| 
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Turba-Film Processor produces 
epoxy compounds at Shell 


Turba-Film Processor ideal for this application, 


The chemical and processing industries recog 
nize that good engineering is just as important 
as good equipment. In recent years, Rodney 
Hunt has accumulated broad experience in spe- 
cialized applications of the Turba-Film” Proces- 
sor as well as in completely engineered package 
systems. 

Shell Chemical Corporation produces petro- 
leum-based resins at its plant near Houston, 
Texas. The process involves removal of the 
solvent carrier to give a dry epoxy compound. 
Rodney Hunt engineers proved the patented 


The Turba-Film permits a high degree of solvent 
removal with greater through-put than conven 
tional equipment, Solvent and carrier pass 
through two Turba-Film units as a thin, falling 
film. Localized overheating is eliminated and 
product color is greatly improved 

Are you concerned with deaeration, deodori 
zation, esterification, concentration, stripping, 
distillation, evaporation or other processing op 
erations? Chances are good that Rodney Hunt 


can give you profitable answers to your problems, 


RODNEVY HUNT MACHINE CO. 


Process Equipment Division 
37 Vaile Street, Orange, Massachusetts, U. S. A. 


SERVING THE CHEMICAL AND ENGINEERING INDUSTRY WITH EQUIPMENT AND ENGINEERING 


CHEMICAL ENGINEERING PROGRESS, June 1957 (Vol. 53, No. 6) 


a: EY 
HUNT y 
79 


4° 


VISCOSITY 


“That property of a body in virtue of which, when flow occurs inside it, 
forces arise in such a direction as to oppose the flow.” — Webster 


BROOKFIELD’ 


*Pioneer and world leader in the development and manufacture of 
precision viscosity instruments. Today, Brookfield is universally 
accepted as the World's Standard for Viscosity Measurement and Control! 


AND YOU" 


"A scientist interested in easy, accurate viscosity measurement or control 
for laboratory or production processes. You'll be happy to learn, 
too, that more than 300 technical articles and references based on 
Brookfield and viscosity measurement of 200 different materials have been 
published in the past ten years. You are welcome to any of this data 
which may pertain to viscosity measurement control problems you have. 


The world’s standard j Brookfield know how 
for viscosity is yours for the 
measurement and control asking without obligation 


Brooktield 


ENGINEERING LABORATORIES INCORPORATED 
STOUGHTON 18, MASSACHUSETTS 
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NUCLEAR NEWS 


AEC BUYING MAJOR 
QUANTITIES OF LITHIUM 
HYDROXIDE 


The Atomic Energy Commission has 
just authorized release of details of 
its contracts with three major lithium 
producers. Not released is the quan 
tity involved or AKC’s end use for 
the lithium, but the information shows 
that the Commission is principally in- 
terested in lithium-6, one of the two 
naturally occurring isotopes. 

At present the three major lithium 
producers are supplying “virgin” lith- 
ium hydroxide to the Commission, and 
the “tails” (material from which the 
lithium-6 has been removed) are avail- 
able only to the original producers in 
the same proportion in which it was 
supplied. Chemically, the tails are 
identical to virgin lithium hydroxide. 
The importance of this to commercial 
users of lithium is obvious; the tails 
are available for commercial use de 
spite the contractual arrangements 
with AEC. The suppliers are not 
obliged to buy back the lithium hydrox- 
ide at any predetermined rate, and 
AEC is committed to withhold sale of 
any unreturned lithium for 10 years 
after completion of the current con- 
tract, which protects the lithium pro- 
ducers from competing with a Govern 
ment stockpile 


Unique nuclear reactor project 
aimed at producing cobalt-60 and 
steam for process industry use, and 
said to be the first reactor project 
in the world designed specifically as 
a profit making venture, is in the 
idvanced planning Stage at Isotope 
Products Inc., Buffalo, N. Y. 

Location of the reactor is not deter- 
mined as yet (it has been narrowed 
down to either the deep South or New 
-ngland), will depend largely on the 
contract Isotope can make with a pulp 
and paper company to use Isotope's 
steam 

rhe reactor is designed to produce 
ipproximately 1 million curies of 
cobalt-60 a year, at a price “some 
where near $2 a curie or possibly less,” 
and in excess of 50,000 pounds of 
steam an hour. The steam is expected 
to be used by a pulp and paper mill. 

The reactor will be a variation of 
the “boiling water” type, will have 
excellent safety characteristics, per- 
fectly steady operation, and low op- 
erating costs, according to the com- 
pany. Design of the reactor is being 
done by General Nuclear Engineering 
Corp. of Dunedin, Fla. Full operation 
is expected by the fall of 1958. QO 
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3 MATERIALS cre exposed to nitric acid in comparison test of 
corrosion resistance. From left to right, they are steel, REFRAX" 
silicon-nitride-bonded silicon carbide refractory, and copper 


Only the refractory remains unaffected 


Refractories for outstanding corrosion resistance 


Wherever the possibility of chemical attack exists, it pays to con 
sider refractories as materials of construction. The picture shows 
why. In numerous corrosive applications, CARBORUNDUM'S 
refractories are proving superior to other materials. They resist 
many highly basic substances as well as acids, acid slags and 
fluxes 

Typical applications are: linings in controlled atmosphere 
furnaces, pumps and pump parts handling molten aluminum 
nozzles spraying corrosive and abrasive liquids, linings in 
muriatic acid furnaces, retorts for reducing and refining zinc 
ores, linings for glass tanks, et 

But seldom is a refractory called upon to provide corrosion 
resistance alone. It may be required to transmit heat rapidly, 


resist thermal shock cracking, withstand abrasion, carry heavy 


CARBORUNDUM 


Registered Trade Mark 


loads, retain initial purity whether at low or extremely high 
temperatures 

These properties are but a few of those found in super 
refractories pioneered by CARBORUNDUM Among them, you 
are almost certain to find answers to your material selection 


problems. For help, fill in and mail this coupon today 


THIS COUPON TODAY- — — — — — — 


Refractories Division, 
The Carborundum Company, Perth Amboy, N. J., Dept. V67 
Please send me 

Forthcoming issue of Refractories Magazine 

Bulletin on Properties of Carborundum’s Super Refractories 


Here is a description of my corrosion problem 


Can you help me? 


Name Tithe 
Company 

Street 

City Zone State 


| 
al | ‘ 
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| INSTITUTIONAL NEWS 


Why your Paracoil corrosion- 


The West Coast Section of the Air 


resistant heat exchanger Pollution Control Association held 
its First Technical Meeting at the 

’ bs Statler Hotel in Los Angeles on 
won t get weak | March 25 and 26, 1957. Attendance 
was more than 300. A full two-day 

‘ ” session was devoted to the automobile 
in the knees problem, one full day to incineration, 
and a half day each to the organic 

ly solvents problem and to power plant 
~S emissions. Need for further research 


on the composition of auto exhaust 


and the specific relationship ot auto 
exhaust constituents to smog mani- 
festations was clearly brought out dur 
ing the meeting. Similarly, a need for 
stepped up activity on the development 


of devices for controlling the organic 


and nitric oxide content of auto ex 


haust became apparent 
New address of the Air Pollution 
Foundation after June 1, 1957, will 
| be 2556 Mission Street, San Marino, 
Calif [ 


A new program leading to the degree 
of master of science in nuclear tech- 
nology will be offered at the Uni- 
versity of Buffalo starting in Sep- 
tember, 1957. New courses in nuclear 
physics, chemistry, and eng. neering are 
part of a plan to gear the University’s 
training and research facilities to the 
demands of the field of nuclear devel 


opment The new program will be 


... at the joints either. Corrosion-resistant materials 
have a habit of losing their corrosion-resistant properties aa ti hae 
at critical points if not properly fabricated. But Davis 
Engineering's skill and experience in metals and alloys al 
insures you Heat Exchange Equipment with constant High Vacuum satan 8 itt the 
corrosion-resistant strength . . . especially at the “knees”. Chet. and 


Davis Engineering is prepared to meet all your require- 1957, at the Hotel Somerset, Authors 
ments for heat exchangers and process equipment by who would like to submit papers deal 
designing and fabricating equipment in bronze, copper, ing with methods of producing and 
Monel, Inconel, carbon and stainless steels, nickel and measuring vacuum, new — processes 
aluminum. using vacuum, fundamental develop 


ote ments in vacuum technology, or the 


use of vacuum in research hould 


ro 


contact the Committee on Vacuum 
P.O. Box 1282. Boston 9 


Ma 


The Technical Institute of the Uni- 
versity of Dayton will offer a pro- 
gram in chemical technology to begin 
in September, 1957. Designed to pre 
Davis Makes It — Better! pare students for technologi rvices 
in chemical manufacturing plants and 
All stainless steel, type 316, tube bundles and tube processing industries as well as for 
sheet typical of how Davis Engineering solves ‘ 


} 
your difficult and special fabrication problems technician positions in chemical lab 


oratories, the program will lead to an 


Write for Bulletin 1000 associate degree after two year ot 


stucls Spee talized course will include 


DAVIS ENGINEERING CORPORATION an introduction to industrial chemistry 
30 Rockefelier Plaza, New York 20. New York Circle 6-5650 quantitative analysis, and inorganic 
1064 East Grand Street, Elizabeth 4, New Jersey ELizabeth 26780 organic 1 


physical, and applied chem 
try 
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Uniform ... thanks to gentle heat at 


Imperial Oil's massive heaters using 


Dowtherm provide 700° F 


temipe ratures to reboilers. 


proces ing 


high temperature 


For processing uniform oils, Imperial Oil Limited 
uses the uniform heat-transfer medium—Dowtherm! 


To ensure product uniformity—such as 
color, odor, and response to additives 
Limited of 


planned an oil processing sequence for 


Imperial Oil Canada 
their new lube oil refinery at Edmon 
ton, Alberta 


process heating system using liquid 


Their plan included a 
Dowtherm™, the modern heat-transfer 


medium 


Essentially, their choice of Dowtherm 
was based on its high temperature 
stability. But study revealed cost and 
operating savings as we ll. In addition 
lower oi) skin temperatures and case 
of operation promised more gentle 


treatment of oil in process, 


Processors in other industries choose 


Dowtherm as the ideal heat-transfer 
medium ilso 
most of the 


chemical mediums, hot water 


because it) overcomes 
disadvantages of other 
direct 
fire and steam. In vapor systems, it 
to 7501 

with fraction-ol -a-cde vree accuracy 
below 150 p.s.i.! What's 


more, heat transfer is completely uni 


provice te ratures 


form Aiminating local overhe ating and 


underheating 


Whatever your product- profit by hay 
ing all the facts on Dowtherm and the 
more Compac t, thinner walled equip 
ment its low operating pressures rake 
Write THE DOW CHEMICA! 
COMPANY, Midland, Michigan, Dept 
BD S47]. 


possible 


YOU CAN DEPEND ON 
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Furnace 
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Here are two good examples of our work 
in high-nickel castings! 


These are in the Duraloy HT group 
calling for Ni 33.37 percent. We've 
gone as high as 68% nickel on 
some castings where extremely 
high temperatures and very severe 
corrosive conditions had to be re- 
sisted. The important factor con- 
cerning castings for exceptionally 
high temperatures is that they must 
retain their structural form under 


load. 


Knowing just how much nickel 
to put in and how much chromium 
and other alloying elements de- 
pends to a large extent on experi- 
ence .. . and it is experience that 
we can offer you for the castings 
you need. We've been producing 
static castings since 1922 and cen- 
trifugal castings since 1933, being 
among the pioneer founders in 
each class. 


if you would care to have our 
metallurgist study your casting 
problem, we shall be glad to have 
you call upon us for the service. 


Our New General Catalog is yours 
for the asking 


URALOY 


OFFICE AND PLANT: Scottdale, Po. 


EASTERN OFFICE 
ATLANTA OFFICE 
CHICAGO OFFICE 
DETROIT OFFICE 


12 East Street, New York 17, 
J6—4th Street, 

332 South Michigan Avenue 

23906 Woodward Avenue, Pleasant Ridge, mich.! 
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INSTITUTIONAL NEWS 


Mellon Institute will undertake a 
major expansion of fundamental re- 
search activity according to plans re- 
cently adopted by the Board of Di- 
rectors. The decision to reorient the 
Institute’s principal investigational ac- 
tivities toward long-range basic scien- 
tific objectives follows a broad assess- 
ment of the role of the Institute carried 
out over a period of several years. O 


Standardization—Economy Through 
Application will be theme of Sixth 
Annual Meeting of Standards Engi- 


neers Society, to be held at Hotel 
Commodore, New York, September 
23, 24, and 25, 1957. oO 


Chemical engineers will find much 
interesting and valuable material 
by authors prominent in their fields in 
the June issue of the 4./.Ch.E. Jour- 


nal, Contents include 


Separation methods: Froth-frothate Concen- 
tration Relations in Foam Fractionation, Sepa- 
ration of Liquids by Thermal Diffusion. 

Fluid Flow: Hydraulics of Wetted-wall Col- 
umns, Pressure Drop for Flow of Steam-water, 
Mixtures in a Heated Annulus and through 
Orifices, Dynamics of Liquid Agitation in the 
Absence of an Air-liquid Interface, Simplified 
Flow Calculations for Tubes and Parallel Plates, 
Fluidization and Sedimentation of Spherical 
Particles. 

Heat Transfer: Study of Laminar-flow Heat 
Transfer in Tubes, Effect of Wall Roughness on 
Convective Heat Transfer in Commercial Pipes. 

Kinetics: Control of Continuous-flow Chemical 
Reactors (two papers), Rate Studies in Tubular 
Reactors, Reaction Kinetic Studies: Catalytic 
Dehydrogenation of Sec-buty! Alcohol to Methyl! 
Ethyl Ketone 

Diffusion and Mass Transfer: Diffusion in 
Three-component Gas Mixtures, Some Remarks 
on Longitudinal Mixing or Diffusion in Fixed 
Beds, Moss Transfer in a Continuous-flow Mix- 
ing Vessel, Investigation of Gas Mixing in a 
Square Duct 

Absorption and Distillation; Performance of 
Packed Columns: Part 4, Effect of Gas Proper 
ties, Temperature, and Pressure on Gas-phase 
Mass Tronsfer Coefficients, Densities of Liquid- 
Acetone- -Water Solutions up to Their Normal 
Boiling Points, Radioisotope Tracer Technique 
for the Determination of Holdup and Flow 
Characteristics in Packed Countercurrent Liquid- 
Liquid Extraction Columns, Adsorption and 
Stripping-factor Functions for Distillation Calcu- 
lation by Manual and Digital Computer 
Methods 

lon Exchange: Equilibrium in the System 
Cu'’-—Na‘—-Dowex-50, lon Exclusion Equilibria 
in the System Glycerol-Sodium Chloride 
Water —Dowex-50, lon Exchange Separation of 
Gram Quantities of Americum from a Kilogram 
of Lanthanum 

Thermodynamics: Heats of Mixing, Volumetric 
and Phase Behavior of the Hydrogen n-hexane 
System, Phase Behavior of Hydrogen Light Hy- 
drocarbon Systems, Vapor-Liquid Equilibria of 
Benzene n-hexane and Benzene cyclohexane 
Systems at Pressures above Atmospheric 
Approximate Operational Cal- 
culus in Chemical Engineering 


Mathematics 


Copies of this significant chemical 


available 


25 West 


engineering quarterly are 
from the Institute offices at 


45 St.. New York City 


iT 
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voridated 


i WATER 


Some communities will, some won't... adopt 
fluoridation of drinking water for the purpose of reducing tooth decay. 
The subject is hotly debated but one thing is certain: wherever 
fluoridation is adopted a derivative of Sulphur will enter the picture. 
Several chemicals can be used for fluoridation but they all stem from 
hydrogen fluoride. To produce this gas, a fluoride-bearing 

mineral is reacted with sulphuric acid. 

As today’s Headline Products are studied, it’s significant that so many 
require for their production one or more derivatives of Sulphur. 


Texas Gulf Sulphur Co. 


75S East 45th Street, New York 17, N.Y. 


Houston 2, Texas 


811 Rusk Avenue, 


© Newgull, Texas *@ Spindietop, Texas 
Moss Biull, Texas Worland, Wyoming 


Sulphur Producing Units 
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FUTURE MEETINGS 


The 8-mile long $50 million Chesapeake Bay 
Bridge near Baltimore is a connecting link in 
the growing Atlantic Coast expressway system 


MEETINGS SYMPOSIA 


@ BALTIMORE, MD 
September 15-18, 1957. Lord Baltimore Hotel 
See story on page 69 


ro ary posi ive TECHNICAL PROGRAM CHAIRMAN: R. L. Cop 
son, Mutual Chemical Co. of America, 1348 


Block St., Baltimore 31, Maryland 


Intended to furnish basic information for 


chemical engineers working on mass sepere- 


“Cash register accuracy 


Emphasis will be on manufacture of chemi- 
cal fuels. One paper on application to Earth 
Satellite program. 


For utility metering or proportioning of process gas, Roots- 
gas, The Alkali-Chlorine Industry 
» ‘ , oe te ace > » 
onnersville rotary gas me ters assure permanent accuracy A manegement eympesium en technological 
unmatched by any other design. problems, trends, and end uses 


@ 15:1 accurate operating range one 
I Aspects of industrial drying, including 
spray drying techniques. 


Accuracy is not affected by variations in 
specific gravity, rate of flow, pulsations or impurities. che os 
lowing an introductory session at the last 

@ Precision machined measuring chambers insure Boston meeting 
maintenance-free accuracy. Direct Operating Labor Costs 
Featuring industrial engineering ap- 


@ No valves, diaphragms or other small parts proach to estimation of labor costs 


are used, eliminating leakage due to wear. Air Plant Safety 
A panel discussion with a planned agenda 


R-C meters will meet your most exacting requirements in a ee 
capacities from 2,000 to 1,000,000 cfh. Write for Bulletin A with 


M-152 for complete specification details. 
@ STATE COLLEGE, PA. 
August 11-14, 1957. Pennsylvania State Uni 


Engineers ~unusual career opportunities await you at Roots-Con- Fist Wationsl Conference on Mest Transter 

* nersville. Address your resume to Professional Employment Manager. Sponsors: ANCHE, ASME, & College of 

. : Eng. & Arch., Penn State Univ. Purpose is to 

provide a forum and an opportunity to ex- 
change ideas and data on the industrial ap- 


plications of heat transfer 


A..Ch.E. program chairman is James N 
- = Addoms, Atlas Powder Co., Wilmington 2 
Del 
A DIVISION OF DRESSER INDUSTRIES, INC. . 
657 Indiana Avenue, Connersville, Indiana. in Canada—629 Adelaide St, W., Toronto, Ont. 


(( ontinued on page YO) 
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Carlson's Weekly Stock Lists 
tell you what you want to know: 


@ the Type, Gauge, Width and Length of 
stainless steel plates in stock. 


@ the Type, Gauge and Size of stainless 
steel heads in stock. 


@ the sales representatives and warehouse dis- 
tributors in this country ond Canada who are 
ready to serve you. 


OU can save time by checking these weekly stock 

lists. Here is an up-to-the-minute report on our 
large, diversified stock of stainless steel plates and 
heads that have been produced especially for 
chemical industry applications. 
Carlson plates in Types 304-L, 316-L and 317-L are 
more and more in demand. Substantial stocks of 
these extra-low-carbon grades, along with other 
chromium-nickel Types 302, 304, 309, 309-S, 310, 
316, 317, 321, 347 and 348 are available. Chromium 
grades 405, 410, 430 and 502-\44%, Mo are always in 
stock. Two precipitation-hardening grades, Types 
17-4 PH* and 17-7 PH*—new plate grades that 
combine ease of fabrication, hardenability, high 
strength and corrosion resistance—are now in pro- 
duction and limited stocks are carried. To complete 
the story, stainless steel heads in Types 304, 304-L, 


Zee 
Stainless Steels Exchusively 


THORNDALE PENNSYLVANIA 
District Sales Ottices in Principal Cities 


eep up to date... 


on Stainless Steel 
Plates and Heads 


316 and 316-L are also stocked and can be shipped 
in a few days. 


Make Carlson your one-stop source for that com- 
plete bill of material—stainless steel plates, heads, 
rings, circles, flanges, forgings, bars and sheets 
(No. | Finish). 


When you need stainless plate. . . 
Carlson gives you what you want when you want it! 


*Trade Mark of ARMCO STEEL CORPORATION 


G. O. CARLSON, INC. 
124 Marshalton Road 


Thorndale, Pennsylvania 


Write for your copies of Carlson's Weekly Stock Lists... use this 


convement coupon. 
Nome: 
Company 


Address: 


| 


City: 
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ENGINEERS REJECT COLLECTIVE 
BARGAINING AT MINNEAPOLIS-HONEYWELL 


In a nationally important “test Federation was a founding member ot 
case,’ engineers at Minneapolis- ESA. (ESA's president Joe Amann 
Honeywell overwhelmingly re- is a Honeywell engineer on leave from 
jected unionization by both the —= tic company.) The company made an 
United Auto Workers (CIO-AFL) all-out fight against the union. UAW 
and the Engineers and Scientists = aie no secret of its interest, 
of America. sent its top men including president 
Reuther. At its recent Atlantic City 
Engineers also rejected group- yyention UAW served notice of its 
ing with technicians—big sur- aims to organize white collar and pro 
prise came when technicians fessional employees, Honeywell was 
voted against unions. to be an important opening gun 


In one of the first major tests of union 
Whet Happened—The Engineers’ Story 


ization among engineers, Minneapolis 


Hloneywell engineers voted in May to With so much conflicting interest on 
decertify from Federation of Honey- a national scale, CE? sent its reporter 
well Engineers, the collective bargain to get the “grass roots” story from the 
ing unit that had represented them for engineers themselves 

over ten years. Involved in the com Three leaders of the “decertifica 
plex battle were UAW, ESA, the com tion” movement, never members of the 
pany, and an organized “decertifica local Federation, are John Ludwig, 
tion’ group of non-union engineer enior research engineer; William 

The vote: UAW 314; ESA—197; Carlson, senior development engineer ; 
No union—896. And for the tech and Marlowe Iverson, development 
nicians: UAW—254; ESA—62; No engineer. CEP asked Ludwig, how 
union—404 did this happen ? 

The national significance of thi Ludwig's answer—“Collective bar 
election is obviou Hopewell engi gaining tactics, methods, and view 
neers had been represented by the point, as exemplified by UAW, are 
Federation for ten vear inl the not wanted by engineers and scientists 


HEAT 
EXCHANGE 


and PROCESS 
EQUIPMENT 


M & L JACKETED REACTORS 
(20 gal. and 50 gal. capacities) 


Application Sodium Dispersion Units 
in Batch Process Operation 


THIS User Large Chemical Company in 
NAMEPLATE Baton Rouge 
is YOUR Materials: #304 Stainless Stee! Shell 
Carbon Steel Jacket ied 
GUARANTEE Physical Dimensions: 20 gals —24° O.D.—3' high 
OF 50 gals.-30" high 
Working Pressures: Shell 125 
QUALITY Jacket 50 
Ile is another ¢ my among t th ‘ ase st ‘ ' 
ou { w Mar ng & lew lea nd l nterpret 
Evaporators 
bot the i ‘ tiene t esulting row our years of 
| Jacketed Kettles engineerin erence tw factors why and 
Ribbon Mixers Wi ‘ nm us tl ext time vou need equipment. We design and 
construct t code tor unfred vessels or we cat 
Agitators build ¢ n-code standard 
t { serv st we will be abl 


| Pressure Vessels 
| Heat Exchangers 


Manning & Lewis Company 
Reboilers 


MANUFACTURERS OF QUALITY HEAT ERC HANGE EGU NT 
28.42 OGOEN STREET ‘ 4 JERSEY 
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It is not the way we want to deal with 
our employers.” 

It all began, Ludwig explained, ten 
years ago when three groups of engi- 
neers with divergent opinions formed 
the local Federation of Honeywell 
Engineers (then called the Minneap- 
olis Federation of Honeywell Engi 
neers). The first group were labor 
unionists in the traditional sense, had 
CIO affiliation ready to go in 1945, 
would have taken the engineers into the 
trade union movement. The second 
group were those with many complaint 
igainst the company who wanted some 
organization to speak for them but did 
not want full-fledged trade unionism 
The third group were esentially anti 
union but under the terms of the then- 
in-force Wagner Act, which did not 
protect professionals from inclusion in 
production unions, felt they had to 
organize a local federation to prevent 
being swept into a CIO union. (Taft- 
Hartley has changed this, protects 
professionals. ) 

At first the Federation was academic, 
did little. Soon it helped form ESA 
and the “militant” unionists gained 
more control. In 1955 there was a 
one-week strike that failed. After the 
strike, UAW came in. In the spring of 
1956 the Federation took a vote to 
change from ESA to UAW affiliation 
but failed to get the 24 majority re- 
quired, Then in February of this year 
the Federation voted (579—116) to 
disaffiliate with ESA and join UAW 

The “decertifiers” organized a steer- 
ing committee, sent out cards asking 
for decertification, got back more than 
the legally required 30% of the “bar- 
gaining unit” (the bargaining unit is 
all Honeywell Engineers not just mem 
bers of the Federation), petitioned for 
a decertification election. The com 
pany also petitioned for an election on 
the grounds of not knowing whom they 
should bargain with 

The election was ordered for May & 
and a lot of campaigning began on all 
sides. UAW charged at first that the 
company and the decertifiers were in 
collusion but soon dropped _ this 
charge. ESA campaigned vigorously 
against UAW and “no union’’—"“a vote 
for no union is a vote for UAW.’ 

Over 95% of the engineers voted 
The result was a strong repudiation of 
the collective bargaining concept 

Today, all sides are evaluating 
There is a one-year moratorium on 
another election, UAW is not giving 
up, is studying its defeat. The Honey- 
well engineers “don’t know what 
we'll do from here. Some of us are 
looking into the advantages of a 
‘sounding board’ organization, but we 
have no definite plans.” 


(Continued on page 
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1987 


41917 Croll-Reynolds Co. established; work on EVACTORS, PRESENT Croll-Reynolds continues to develop and per- 


started previously by the two founders, now enters new phase fect new kinds of jet and condensing equipment with the 
9192ZO’s Croll-Reynolds contributes greatly to the power field's knowledge = shill that has enabled the Company to estab- 
efficient use of intercondensers between stages for steam lish an enviable record. In its Forty Forward Years, Croll- 


Reynolds has 


economy. 
@ Supplied equipment for vacuum cooling of fresh vegetables 
19 BO ‘s Croll-Reynolds focuses on the need for high vacuum in with a combined daily capacity of 2000 cars each holding 
the growing chemical field — gives speciai attention to design 25,000 to 30,000 Ibs : 
of 4 and 5 stage EVACTORS, and also to the application of @ Designed and manufactured all the commercial vacuum cooling 
Steam jet refrigeration equipment equipment used to date in the electrolytic zinc industry of the 


U.S. and Canada 


Supplied more vacuum cooling systems for the Viscose-Rayon 
industry than all other manufacturers combined 


1940's Croll-Réynolds directs activity toward war effort, sup- 
plies a great number of EVACTORS for shipboard use, special « 
units for the atomic program, and equipment for manufactur- 
ing new types of explosives and chemicals. In the late 1940's, e Pioneered many new applications of vacuum and vacuum 
Croll-Reynolds develops and supplies vacuum equipment for refrigeration 
vacuum cooling of fresh vegetables. 


Croli-Reynolds Company, Inc. is confident that in the future, as in 


1950's Croll-Reynolds develops special condensing tower used the past, they will continue to develop new types of industrial jet 
to recover entrained materials and to prevent contamination equipment and impreve existing designs 
of cooling water — especially adaptable for deodorizers in the 
CROLL 


fatty acid and allied industries 


REYNOLDS 


Main Office: 751 Central Avenue, Westfield, N. J 
New York Office: 17 John Street, N.Y. 38, N.Y 
CHILL-VACTORS * STEAM-JET EVACTORS * AQUA-VACTORS * FUME SCRUBBERS * SPECIAL JET APPARATUS 


CHEMICAL ENGINEERING PROGRESS, June 1957 (Vol 53, No 6) @ 89 


1917 
1918 
1920... 
2 
be 
x80 
193119321, 
341935 
FOR 
9 
Ss 
1950 
| 
Cro ll-Reywolds 


Save Water and Power 
in Condensing Vapors 


@ NIAGARA AERO VAPOR CONDENSERS give 
sustained full capacity in condensing vapors by evapora- 
tive cooling with only nominal use of water. You have 
no problems of water availability or disposal, or quality, 
or temperature. 

Non-condensibles are effectively separated and sub- 
cooled, giving better vacuum pump operation. Liquids 
and vapors are always held at constant temperatures. 
Cooling effect is directly proportional to the load. You 
get uniform distillation products the year round. You get 
better quality control and higher production. You save 
power and steam. Capacities up to 30 million BTU. 

Write for full information. 
Ask for Bulletin 129R. 


NIAGARA BLOWER COMPANY 
Dept. EP-6, 405 Lexington Ave. New York 17, N. Y. 
District Engineers in Principal Cities of U.S. and Canada 
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COLLECTIVE BARGAINING 


(Continued from page 88) 


Why did the engineers turn away 
from an orgamization that had repre- 
ented them for ten years? Ludwig 
ays Well, there's the basi feeling 
that we don’t want trade-union type 
representation when we deal with our 
company, and the more militant group 
had ln yun to take over; the Federation 
ind head toward CIO-AFI Perhaps 
most important was the imple 
that there were legitin ite gripe 
the beginning against the compa 
but company policy ha improved 
greatly over the last vear Other 
enginet ud) simply ve had a 
change ol viewpoint alte the umon 
had been with us a while And ve 


organized our opposition ! 


FUTURE MEETINGS 


(Continued from page 86) 


MEETINGS SYMPOSIA 


@ BOULDER, COL 
August 19-21, 1957. National Bureau of Stand 
ards offices. Cryogenic Engineering Confer 
ence 

For information contact K. D. Timmerhaus 
Dept. of Chemical Engineering, Univ. of Col 
Boulder, Col 

Program includes: Cryogenic Process 
liquefaction cycles, purification of gases, dis 
tillation, fluid flow, catalysis Cryogenic 
Equipment dewars, pumps, expansion en 
gines, heat exchangers. Cryogenic Properties 

mechanical, electrical, thermal, vacuum in 
sulation, powder insulation. Cryogenic Ap- 
plications expansion engines and turbines, 
cryogenic fuels and oxidants, bubble cham- 
bers 


@ CLEVELAND, OHIO 

September 7-13, 1957, Cleveland Auditorium 
Annual Instrument-Automation Conference & 
Exhibit of the Instrument Society of America 
Conference theme will be “Instrumentation 
for Systems Control Educational aspects 
will be emphasized. A1iChE. members are 
invited to register at same rate as ISA mem 
bers 


@ ANNUAL—CHICAGO, ILL. 

December 8-11, 1957. Conrad Hilton Hotel 
TECHNICAL PROGRAM CHAIRMAN: Henry F. 
Nolting, Standard Oil Co., 2400 New York 
Ave., Whiting, Ind. Those interested in sub- 
mitting papers for consideration should ad- 
dress themselves directly to the chairman of 
the appropriate session 


Fluidization of Solids 
CHAIRMAN: E. R. Gilliland, Chem. Eng. Dept.. 
M.1.1., 77 Massachusetts Ave., Cambridge 39, 
Mass. 


Effective Cost Control in 

Process Operations 

CHAIRMAN: C. W. Nofsinger, The C. W. 

Nofsinger Co., 906 Grand Ave., Kansas City 
6, Mo. 


Evaluation of Projects from the Original 
idea to the Investment Stage 
CHAIRMAN: C. W. Nofsinger (see above) 


(Continued on page 92) 
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Clarity of a liquor means many different things. In the food field, 
for example, it spells customer acceptance (which is why so many food 
processors use Dicalite Filteraids). To the chemical engineer, the bril- 
liant clarity obtained with high-efficiency Dicalite Filteraids represents 
the essential first step along a quicker, easier course to desired quality 
in the end product. 

Even the most difficult liquors can be filtered to required clarity with 
Dicalite Filteraids ... and filtered at economically fast flowrates. There 
are 8 Dicalite Filteraids, differing principally in particle size and range, 
to handle the removal of unwanted particulates, even those in the 
colloidal, bacterial and sub-micron range. 

Being practically pure silica, Dicalite Filteraids are inert in acid and 
aqueous solutions and are both physically and chemically stable. They 
do not support bacterial life, and are sterilized in processing. Consistent 
uniformity is another important Dicalite characteristic, obtained by a 
most rigid system of quality control over each step as filteraids are 
processed from highest-grade diatomite. 


A Dicalite service engineer will be glad to advise with you on the appli 
cation of Dicalite Filteraids, or you may obtain information by writing 


picalile 


DIATOMACEOUS MATERIALS 
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Dicalite Division ,Creat Lakes Carbon Corp., 612 8. Flower St.,Los Angeles 17, Calif. 


Haveg Equipment Solves Corrosion Problems in Handling #0) 


ACIDS ALKALIS SOLVENTS HF: FUMES 


Chemical Engineering Abroed 
CHAIRMAN: Shelby Miller, Chem. Eng. Dept., 
University of Rochester, River Campus Stetion, 
Rochester 20, N. Y. 


CHAIRMAN: G. Fred Ours, Carbide and Car- 
bon, Charleston, W. Va. 


Laboratory and Pilot Plant Techniques 

| CHAIRMAN: G. W. Blum, The Goodyear Tire 

| & Rubber Co., 1485 E. Archwood Ave., Akron 
16, Ohio. 


Production of Heavy Water 


CHAIRMAN: W. Bebbington, du Pont Savan- 
nah River Plant, Aiken, South Carolina. 


Radiation Processing 
CHAIRMAN: J. J. Martin, Dept. of Chem. 
Eng., Univ. of Michigan, Ann Arbor, Michigan. 


Nuclear Process-Heat and 

Radiation Source Reactor Systems 

for the Chemical and Metallurgical 

Industries 

| CHAIRMAN: B. W. Gamson, Borg-Warner 
| Corporation, Des Plaines, Iilinois. 


Extractive Metallurgy 
| CHAIRMAN: B. W. Gamson (see address 
above). 


Selling « Technical Program 
CHAIRMAN: W. L. Bulkley, Standard Oil Com 
| pany (Ind.), Whiting, Indiana. 


Shock Waves in Process Equipment 
| CHAIRMAN: Stuart Churchill, Dept. of Chem. 
Eng., Univ. of Michigan, Ann Arbor, Michigan. 


impact of Computers on the 

Practices of Chemical Engineering 

CHAIRMAN: Leon Cooper, Monsanto Chen 
ical Company, St. Louis, Missouri. 


The Separation of Materials in 
| Biological Processes 
CHAIRMAN: Elmer Gaeden, Dept. of Chem. 

| Eng., Columbia University, New York City. 


Chemicals Recovery in the 

Paper Industry 

CHAIRMAN: R. P. Whitney, Inst. of Paper 
Chemistry, Appleton, Wisconsin. 


Process Application of Reactors 
| CHAIRMAN: J. J. Martin, Univ. of Michigan, 
Dept. of Eng., Ann Arbor, Michigan. 


@ 1958 MEETINGS 
| @ Montreal, Canada, April 20-23, 1958. 
Sheraton-Royal Hotel. Joint A.I.Ch.E.C.1.C. 
Conference. A.1.Ch.E. CHAIRMAN: Kenneth 
Beatty, North Carolina State College, Raleigh, 
| N. C. CO-CHAIRMAN: W. H. Gauvin, McGill 
| University, Montreal. 
@ Philadelphia, Pa. June 22-27, 1958. 
Bellevue-Stratford Hotel. A.l.Ch.E. Fiftieth 
Anniversary Meeting. CHAIRMAN: Roy 
Kinckiner, DuPont, Wilmington, Del. See 
further details of meeting and program listed 
below. 


HAV E G ON D U STRI Greenbont August 18-21, 1958. ALCh.E- ASME, 

actery Marshellton De one Wimen 6.2271 Heat Transfer Conference. CHAIRMAN: A. 5S. 

Atlanta, Cedar 7 Chuage Wheoton 6.3225 WaAshington |-6700 © Foust, Dept. of Chem. Eng.. Lehigh University, 


}, MOhawk 7-6519 Angeles New Bethlehem, Pa. 
. BEimont 7 . ~ 779) 
ronto, RUssell 1.5559 © Monterrey, Mexico (¢ ontinued on page 94) 


HEAT EXCHANGERS 
PROCESS TANKS 
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Corrosioneerin 


Quick facts about the services and equipment available to help you 


(Advertisement) 


News 


reduce corrosion and processing costs. 


Published by The | Pfaudler Co., Rochester, N. Y., 1. S.A. 


A. Pfaudier titanium reaction kettles for high-temperature processing. 
B. Plaudier packed floating head titanium heat exchanger. 
C. Pfaudier titanium loop coil for use in titanium reactor 


When should you use 
titanium process equipment? 


Titanium, a relatively new material 
of construction, shows great promise 
in reducing corrosion costs under 
severe chemical cenditions 

As corrosioneers, Pfaudler has 
studied its characteristics, developed 
welding techniques, designed and 
built quite a range of titanium proc- 
ess equipment. Some are shown 
above and others are being fabri- 
cated now 

Because production costs of tita- 
nium have been greatly decreased, 
titanium should now be considered 
as a material of construction wher- 
ever it is economically feasible to do 
so. It has superior resistance to nitric 
acid solutions at high temperatures, 
chlorinated organics and inorganic 
chloride solutions, and shows excel- 


lent resistance to mixtures of sul- 
phuric and nitric acids and also to 
aqua regia. 

There are also other 
which excellent 
resistance, among which is Pfaudler 
Each case should be 


materials 
provide chemical 
glassed steel 
considered on its own merits 

Our main point is this: When you 
are up against any kind of a corro- 
sion problem, Pfaudler is ready and 
anxious to give you the benefit of 
its 73 years of experience in design- 
ing and fabricating equipment that 
will do the best job at the lowest 
over-all service cost. If titanium is 
indicated, you can rely on Pfaudler 
know-how to do just that. Your in- 
quiries are welcomed 


Copper and copper alloy equip Peoce 
For services involving acid solutions 
of low oxidizing capacity, copper 
and copper alloys may be the best 
answer to your problem. Pfaudler's 
long experience in building copper 
veasels and heat exchangers assures 
you of top-quality engineering and 
workmanship. You will also find 
Pfaudler prices competitive. Let us 
quote on your requirements for 
equipment of this type 


Glassed steel for the 
petroleum industry 


The petroleum industry, like chemi- 
cal processing, finds in glassed steel 
equipment a material of construction 
which is proving most economical in 
the battle against corrosion 

Great improvement in the resis- 
tivity of Pfaudler glass and its appli 
cation to many different types of 
open hearth steel designs, are mainly 
Pfaudler 
glass, now resistant to all acids (ex- 
cept hydrofluoric) and to alkaline 
solutions to pH 12 at 212° F., pro- 
vides about as much flexibility as 
you can find in any one material of 


responsible for this trend 


construction 

Used in the form of reactors, col- 
umns, settlers, mixers storage tanks, 
Pflaudler 
equipment is giving excellent service 


pipe, fittings and valves 


for reactions Involving hydrochloric 
acid, chlorinated solvents pest ides, 
vapor degreasing solvents, etc. It is 
also used in the hydration of olefins, 


sulphuric 


to prevent corrosion by 
acid, in certain phases of producing 
cumene-derived phenol and  by- 
product acetone in polyester resins 
and synthetic fibres 
Installations of Pfaudler 
steel polymerizers are so numerous 
that standardized designs have been 


glassed 


developed. Glassed steel can be 
cleaned quickly after each run; a 
build-up of product within the vessel 
is easily prevented 

In petroleum refining operations 
corrosion during crude distillation 
has been minimized. Glass helps to 
prevent passage of hydrogen to the 
steel surface, eliminating atomic hy- 
drogen attack. There are other ap- 
plications too numerous to include 
here. May we send you more infor- 
mation? 
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“FIRST LINE 


HEAT EXCHANGERS 


ASK THE 
 AEROFIN MAN 


Specify Aerofin and you specify high efficiency, long 
service life and low maintenance and service costs. 

Take advantage of Aerofin’s unequalled experience, 
production facilities, and materials-testing and design 
research —of Aerofin’s complete engineering service at 


the plant and in the field. 


* Acrofin makes extended heat surface exclusively 
— not as a by-product, not as a side-line. 


Aerofin units do the job 
Better, Faster, Cheaper 


Ave. 


Ae ROFIN CORPORATION wy 


Aecrofin is sold only by manufacturers of 
fan-system apparatus. List om request. 


94 e CHEMICAL ENGINEERING PROGRESS, June 1957 (Vol 53, No. 6) 


FUTURE MEETINGS 


(Continued from page 92) 


@ Salt Lake City, Utah, September 21-24, 
1958. CHAIRMAN: €. B. Christiansen, Dept 
of Chem. Eng., Bidg. 437, Univ. of Utah, 
Salt Lake City. Air Pollution CHAIRMAN: W 
L. Faith, Air Pollution Foundation, 704 S$ 
Spring St., Los Angeles 14, California. What's 
New in Liquid Metals Technology CHAIR 
MAN: Marshall Sittig, American Lithium Insti 
tute, Inc., P. O. Box 549, Princeton, N. J 


@ Cincinnati, Ohio, December 7-19, 1958 
Netherland Plaza Hotel. A.1.Ch.E. Annual Meet- 
ing. TECHNICAL PROGRAM CHAIRMAN: A. C. 
Brown, Emery Industries, Inc., June & Long 
Streets, lvorydale, Ohio. Water Pollution 

chairman to be named. Distillation—CHAIR- 
MAN: W. C. Schreiner, M. W. Kellogg Co., 
711 Third Ave., New York 17, N. Y. High- 
Speed and Time-lapse Photography in Chemi- 
cal Engineering—CHAIRMAN: J. W. West- 
water, William Albert Noyes Laboratory, Univ 
of Illinois, Urbana, Ill 


FIFTIETH ANNIVERSARY MEETING 


@ Philadelphia, Pa. June 22-27, 1958. Bel- 
levue-Stratford Hotel. A.I.Ch.E. 50th Anniver- 
sary Meeting. CHAIRMAN: Roy Kinckiner, 
DuPont, Wilmington, Del. Theme for program 
is: A Look to the Future. Al! symposia and 
papers are being planned in accordance with 
this theme 

To permit prepublication, which is desired 
by the Committee, deadline for submission 
of papers to the Technical Program Committee 
is June 30, 1957. Where prepublication is 
impracticable, the deadline is tentatively fixed 
at November 30, 1957 


Comments and suggestions ere invited. 
Proposals of papers should be directed to 
symposium chairman, with carbon copy te 
Roy A. Kinckiner. 


LOCAL SECTION MEETING 


@ PETERSBURG, VA. 

October, 1957. One-day meeting on Indus 
trial Pollution Control and Heat Transfer 
sponsored by Central Virginia Section 
A1A.Ch.E. Suggestions for papers should be 
sent to W. H. Wright, 1020 Johnson Ave 
Petersburg, Virginia 


UNSCHEDULED SYMPOSIA 


Proposed, but unscheduled, symposia of the 
Institute may be found listed in April CEP, 
page 114. Correspondence on proposed papers 
is invited by the program chairmen. 


AUTHOR INFORMATION 
Submitting Papers 


Procedure to be followed is, in brief: 


1—Obtain four copies of “Proposal to pre 
sent a paper before the A.I.Ch.E.,” plus one 
copy of “Guide to Authors” from Secretary, 
A.1.Ch.E., 25 West 45th St., New York 36, 
N.Y 

2—Send one copy of completed form to 
Technical Program Chairman for meeting se 
lected from above list 


(Continued on page 96) 
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practical approach to 


METHANE PURIFICATION 


MOLY 
CH, 98.1 
N, 19 

PURIFIED METHANE GAS 


FUEL GAS 


REFRIGERATION 
UNIT 


FEED GAS Cco,, H,S DRIER DRIER HEAT COLUMN HEAT RECYCLE 
COMPRESSOR REMOVAL EXCHANGER EXCHANGER COMPRESSOR 


Methane gas purification unit 


In the production of chlorinated methane compounds and other 
chemicals based upon methane, the methane processed must be of 
ultra high purity. Air Products low-temperature processing plants 

accepted as the most economical and practical approach— produce 
methane containing less than 100 p.p.m. of other hydrocarbons 


Air Products methane purification plants feature many cost-saving 
and special processing advantages: 


¢ extremely high-purity methane, bone-dry and CO>:-free 
¢ valuable by-products— LPG, other heavy hydrocarbons, nitrogen 


* automatic control—requiring a minimum of labor 


¢ low power consumption 
¢ factory-assembled plants— assuring minimum installation expense 


Many chemical plants are already using Air Products low-temperature 
equipment. In addition to the production of ultra high-purity 
methane, Air Products units are being used for the production of 
oxygen, nitrogen, argon and hydrogen . . . as well as the processing 
of natural gas, carbon monoxide, deuterium, fluorine and helium. 


Here at Air Products, we design, manufacture, erect and operate 

package, tonnage and custom-built industrial gas separation, lique- 
faction and purification systems. No matter what your requirements, 
Air Products will find a way for you to acquire or lease low- 
temperature equipment on mutually convenient and beneficial terms 
Your inquiry is invited. Air Products, Incorporated, P. O. Box 538, 


Allentown, Pa. 


- INCORPORATED 


CHEMICAL ENGINEERING PROGRESS, June 1957 (Vol 53. No 6) @ QF 


‘ 
MOLY 
CH, 78.5 
GH, 12.1 > 
59 
49 = 
CH, 04 
N, 1.3 
co 


96 


CORROSIONEERED 
CONSTRUCTION 
gives you 


the plus beyond the price 


photo on left showing two 
large phosphoric acid 
tanks. 


photo on right showing one 
of two 50%, sulfuric acid 
tanks. 


The above photographs picture a recent Atlas installation at the U.S. 
Industrial Chemicals Co., Div. of National Distillers Products Corp., 
at Tuscola, Illinois. This type of construction is typical of the “*Plant- 
Wide” corrosion protection service that Atlas offers to the Chemical 
Industry. 

The above installation consisted of two tanks for 50% hot sulfuric 
acid and two tanks for phosphoric acid. All work was done by Atlas 
crews at the job site. 

Yes, there is a big plus beyond the price when you specify Atlas, only 
then will you get a completely integrated construction service, one 
that will accept full and sole responsibility for your job and will guaran- 
tee every aspect of it. This unique service is available to your industry, 
anywhere in the world, for new plant construction, expansion or 
maintenance work. Whatever the requirements, Atlas can and will do 
it right and on time. 


Avail yourself of the complete facts today. Write MINERAL 
for Bulletin CC-3. rr 


MERTIIOWN, PENNSYLVANIA 
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FUTURE MEETINGS 


(Continued from page 94) 


AUTHOR INFORMATION 


3—Send another copy to Mr. E. R. Smoley, 
The Lummus Co., 385 Madison Ave., New York 
17, N. Y. (Asst. Program Comm. chairman). 

4—Send third copy to Editor, Chemical 
Engineering Progress, 25 West 45th St., New 
York 36, N. Y. Paper will automatically be 
considered for possible publication in A.1.Ch.E. 
Journal 

5—If desired to present paper in a selected 
symposium, send fourth copy to chairman of 
the symposium 

6—Prepare five copies of manuscript. Send 
one copy each to Symposium chairman, Tech- 
nical Program chairman, or both copies to 
former if no symposium is involved. Other 
three copies should be sent to Editor, C.E.P 
Presentation at meeting offers no guarantee 
of acceptance for publication 


Polymerized ethyl silicate, not pre- 
viously made by Monsanto in the 
United States, is now being turned 
out by the company’s Everett, Mass., 
plant. Formerly imported from a 
Monsanto subsidiary in England, the 
domestic product, in addition to its use 
in the investment casting industry, is 
being investigated for application in 
other processing fields. The polymer 
appears to have promi © as a binder 
for high-temperature refractories, in 
the treatment of graphite carbon molds, 
in a refractory wash for furnace lin 
ings, for application to stone or ceramic 
surfaces to retard weathering, and as a 
binder in powder metallurgy. 0 


Project Development was the theme 
of the Eighth Industry-sponsored 
School to be held in the Southwest 
(May 24, 1957) Organized and 
sponsored by the Lummus Co., the 
school was attended by teachers of 
chemical engineering from colleges and 
universities in Texas, Arkansas, Louis- 
iana, Oklahoma, and New Mexico 
Specialists from the Lummus Co. dis 
cussed the whole process of project 
development “trom inquiry to accep 
tance by the customer.” CJ 
A Royal Charter has been granted 
by the Queen to the Institution of 
Chemical Engineers (London, Eng- 
land). In contrast to the early devel 
opment ot chemical engineering as a 
separate and distinct profession in the 
United States, where the first course 
in the subject began at M.I.T. in 1888, 
recognition of the chemical engineer 
has come more slowly in Great Britain. 
The Institution of Chemical Engineers, 
for instance, was not founded until 
1922 after the experience of World 
War I had convinced British chemical 
engineers of the utility and efficiency 
of the American approach to the sub- 
ject based on the concept of “unit 
operations” developed chiefly by W. K 
Lewis of M.I.T 


| 
| 
| | 


AMERICAN 


In Canada: L'Air Liquide 
1111 Beaver Hall Hill 
Montreal, Que. 


Our widely-experienced technical and manufactur- 
ing staff, including design, process, project and 
mechanical engineers, backed by half a century of 
“know-how is at your service to assist you in 
applying low-temperature technology to your partic- 
ular requirements. We shall be glad co consult with 
you regarding cost analyses and technical aspects 
in the design and manufacture of complete plants 
or components “‘tailored"’ to your needs 


A portion of Air Liquide'’s Engineering and Construction 
Division fabricating plant at Montreal, Que. Under fabri- 
cation here are numerous all-weided stainless steel shells 
to house component exchangers, voporizers, rectification 
columns, etc., of the liquefaction equipment. 


The fabrication of an Air Liquide wound tube-type ex- 
changer can involve over 10 miles of intimately interwoven 
copper tubing to provide the necessary cooling surfaces in 
this specialized low-temperature equipment. 


plants is almost entirely avtomatic, 


529 CHRYSLER BUILDING, NEW YORK 17, N.Y. 


Centre of control panel for a large-tonnage oxygen plant 
includes a flow sheet for the operator's guidance. Once 
put “on stream", operation of Air Liquide low-temperature 


Air Liquide low-temp- 
erature air separation 
unit for producing 

high-purity nitrogen. 


Similor A.L. unit 
for recovering 
hydrogen from coke- 


oven gos 


Ketona Chemical, at Birmingham, Alabama, has successfully inaugurated 
the first ammonia plant in this country designed exclusively around coke- 
oven gas as a source of hydrogen. The low-temperature gos separation 
units used at Ketona were designed and built by American Air Liquide, 


tein temperature separation processes, for recovering atmos- 
pheric and hydrocarbon gases in tonnage quantities, are being used 
on a rapidly increasing scale in the United States 

Once confined to the separation of oxygen, nitrogen and the 
rare pascs of the atmosphere, the low temperature lique faction pro- 
cess of separation is today successfully producing high-purity 
hydrogen, pure carbon monoxide , Me thane, c thy kk ne, propane and 
nitrogen, from such Zascous mixtures as: natural gas, relinery 
off-gases and coke-oven gas. 

During the past 50 years, Air Liquide (a pioneer in the low- 
temperature gas separation ficld) has designed and built more than 
1000 hydrocarbon and air-separation plants for industries through- 
out the world. In the United States it is a leader in this field. 


L'Air Liquide, its affiliates 
and beidiart have othces 
and plant throughout the 
world Algeria Argentina, 
Belgium, Brazil, Cameroon, 
Canada, China, Egype and 
Sudan, bras French Congo, 
French Wese Africa 


Coast, Grreat Crreece 


Indochina, Ital Ivory ( «past, 
Japan, Lebanon, Luxemburg, 
Madagascar Malay States, 


Morocco, Netherlands, Para 


muay Portugal iam outh 
Atrica, South-East Asia, Spain, 
Sweden yria, Tunisia, and 


the United States of America, 
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ABSORBERS PUT TO THE TEST 


What has been done to stand- 
ardize testing procedures for 
absorption equipment in the 
chemical processing industry? 


An authoritative practical guide 
to designers, fabricators, and 
users is now available, based 
on testing at design feed con- 
ditions and providing for varia- 
tions if necessary. 


ntil recently, chemical processing 
equipment was usually tested only 
according to the experience 


and stan 


dards of individual engineering 
Little 
exchanye of infor 
tact, 


‘ lo ely 


operating compan effort was 


made to arrange 


mation between companies; im 


testing techniques were often 


guarded i a branch of industrial 


“know 


quipment cle wher 


how 
amd fabricator 


were otten everely handicapped ln 


thei ubject to 


ba el 


test 


equipment wa 


yreat variety of dit 


ferent procedure They could never be 


entirely sure what performance chat 


acteristi thei equipment would 


ex per ted to meet nor under what condi 


tion In addition, during actual ac 


ceptance tests under purchase con 


tracts, it is common that initial and 
ign operating 
met exactly. Until the 
of the A.I.Ch.E. Test Pro 


Heat Exchangers,* no 


ue nerally 


terminal ce conditions 


cannot be recent 
appearance 
cedures tor 
tandard accepted method 
available for setting up alternative 
test the which 
could be « xtrapolated and interpreted 
to the both 
equipment purchasers. 


Now 


Pest Procedure 


conditions results of 


mutual satisfaction of 


vendors and 


with the appearance of a new 


the field has been ex- 


tended to absorbers. 


* Under the sponsorship of the Equipment 
Testing Procedures Committee of A.I.Ch.E., 
work has been going forward since 1944 to 
“coordinate testing procedures for the perfor- 
mance of chemical processing equipment.” 

Three testing procedures have now been 
issued officially and are available in pamphlet 
form from the New York offices of the A.I.Ch.E. 
These are: Heot Exchangers, Ports | and Il, 
plus the one on Absorbers which is the subject 
of this article 

Procedures presently in preparation include: 
Corrosion Testing, Distillation Equipment, 
Dryers, Evaporators, Measurements, Mixers, 
and Pumps 

Work in the absorber field has been carried 
out under the direction of the A.1.Ch.E. Sub 
Committee on Absorbers, E. G. Scheibel, chair- 
man, W. M. Gaylord, C. H. Gilmour, H. Hipkin, 
C. J. Kramis, and E. J. Lyons 


will PURCHASE 


or REFINE... 
for your account. 


The facilities and experience of Truland 


may be employed advantageous! 
y ploy y 


for the economical upgrading 
and disposal of solvent 
mixiures and organic 
by-products. 

Our technically 

trained personnel 

are available to discuss 

the refining of any solvent 
mixture or organic by-products. 


Division of The Trubek 
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Send for new booklet 
which describes our 
operation 


CO., inc. 


CHEMICAL 
EAST RUTHERFORD 
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Incorporated 
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The Absorber Testing Procedure, in 
common with the rest of the series, 1s 
intended to be a practical guide rather 
Methods 


and techniques described in the text are 


than a theoretical treatise 


completely understandable even to non- 


chemical such as chemical 


plant operators. Mathematical formulas 


engineers 


have been kept to a strict maximum. 


Derivations, etc., necessary to a com- 
theoretical understanding of the 


referred to in the bibliog- 


plete 
subject are 
raphy 
Scope of the procedure is limited to 
absorption of gases in liquids and does 
not include absorption of gases on 
solids It 


which the prime purpose ts 


covers any equipment im 
to effect a 
trom phase 
direct 
The ga 


nonabsorbable va>es im 


transfer of material 
to a 


between the 


liquid phase by contact 


pl ise phase 
may contain 
any concentration. The procedure also 
includes absorption in which chemical 


reaction takes place 


Evaluation of Results for Acceptance Tests 

possible efforts should be 
acceptance test lor an 
conditions. A 
ob- 


served compositions and ten peratures 


made 
to conduct the 
absorber at the design 


comparison of the predicted and 


of the product streams will immediately 


indicate whether the absorber ts per- 
forming according to the 
limits ot 
data If the 


cannot be supplied with the design feed 


pecihcations 
accuracy of the 
absorber 


within the 
experimental 


conditions, the « xtrapolation of the test 


| data to the design condition will have 


to be decided by agreement between the 
parties involved 

If performance data are available on 
a similar unit or if a correlation of the 
been cle veloped on 


performance has 


pilot plant or other similarly designed 
equipment, extrapolation may be on the 
basis of these correlations 

The proc edure goes on to a discus- 
sion of extrapolation based on equip- 
ment performance under specified con- 
ditions. If other performance data are 
unavailable, and a general method of 
correlation for the pertormance ot the 
particular equipment cannot be estab 
lished, the test rus 


the absorber under an arbitrary 


should be made on 
set of 
conditions to give data relative to the 
Test meth 
ods are given based on a deviation of 


original design condition 


one of the variables from the design 


values. They can also serve as a basis 


for selection of a representative set of 


conditions when more than one vari- 


able differs from the original design 
basis 
All factors necessary to a significant 


analysis of absorber performance are 


| correlated and brought together into a 


(Continued on page 100) 
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TUBEXPERIENCE IN ACTION 


wis 


Nuclear reactor heat exchanger tubing must not fail 
That’s why Superior tubing is specified 


When the count starts rising in a nuclear pile 
and the reactor goes critical, the heat ex- 
changer begins its vital function. Reactor 
heat exchangers require tubing of the highest 
quality. 

This tubing must offer rapid and efficient heat 
transfer. It must be bright and clean, with 
extremely smooth ID and OD surfaces for 
uninterrupted fluid flow. Walls must be uni- 
form throughout—no heavy sections to slow 
down heat transfer, no thin spots where scaling 


or corrosion might gain a foothold. Ductility is 
also important for fabrication ease. Excellent 
weldability is a prime requirement 


Superior has been supplying high quality tub- 
ing in a wide variety of analyses and sizes to 
heat exchanger manufacturers for many year 

We produce to the most exacting tolerance 
and specifications. Get more information and 
free literature today on Superior tubing for 
atomic power. Write Superior Tube Company, 
2011 Germantown Ave., Norristown, Pa 


Swwervir 


The big name in small tubing 
NORRISTOWN, PA. 


All analyses .010 in. to % in. OD—certain analyses in light walls up to 2, in. OD 


West Coast: Pacific Tube Company, 5710 Smithway Street, Los Angeles 22, Colif. « RAymond 3-133] 
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(Advertisement) 


E-D Filter Paper Makes 
Excellent Cover For Cloth 
Or Other Filter Media 


Provides Greater Clarity Of Filtration 
And Prolongs Life Of Filter Medium 


FILTERTOWN, USA. Field reports prove that there is an 
increasing use of E-D filter papers, with the greatest demand for 
grade # 953, as a cover for cloth or other filter media in industrial 
filtration. To date, this practice has been widely adopted in 
plants which process oils, including coconut, cod liver, corn, 
cooking, linseed, soybean, and vegetable oil. These plants manu- 
facture margarine, salad oil and shortening, soaps, paint, var- 


nish, and many other products. 


Great Savings In Time And Money 


Actual experience, in hundreds of 
cases, has proven to the satisfaction 
of production officials that it is far 
more economical to cover the cloth 
or other filter medium with E-D 
filter paper and then, when the press 
needs redressing, to simply peel off 
the paper, discard it, and replace 
with a clean E-D filter paper cover. 
Substantial savings in press running 
time are made. 

E-D filter paper holds up solid 
particles to such a degree that there 
is often little need for recirculating 
the slurry to obtain arm adequate 
cake deposit for clear filtration at 
the start of a cycle. 

Moreover, the E-D filter paper 
protects the filter medium from 
slimy fines, thus prolonging its use- 
ful life, saving additional money on 
media expenditures. The cost of 
K-D filter paper is so little, in com- 
parison with the cost of other filter 
media, that these savings are 
important. 


Greater Clarity Of Filtrate Obtained 

Because of its fine porosity and 
unique uniformity of furnish, grade 
#953—as well as the many other 
grades of E-D filter paper—obtains 
exceptional clarity of filtrate. Many 
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degrees of rapidity and porosity are 
available in the more than 50 regu- 
lar grades manufactured by The 
Eaton-Dikeman Company. Special 
grades are also made to meet indi- 
vidual requirements. 


Free Samples Available 

Actual tests made at the user's 
plant furnish convincing proof of 
the many advantages that are pos- 
sible. Simply write for E-D’s Filtra- 
tion Analysis Report. When the 
necessary facts are supplied, you 
will receive several recommended 
grades, cut to your own size and 
specifications, at no charge. Make 
the necessary test runs and you will 
soon be able to determine the bene- 
fits for yourself. There is no charge 
or obligation for this service. 

Write to Thomas H. Logan, Jr., 
care of The Eaton-Dikeman 
Company, Filtertown, Mount Holly 
Springs, Pennsylvania for prompt 
attention. 

This company is the only com- 
pany in America that is exclusively 
engaged in the manufacture of filter 
paper for science and industry. 
Authorized representatives and 


dealers are located in every section | 


to provide service and helpful infor- 
mation on all problems relating to 
liquid filtration. 


ABSORBERS 
(Continued from page 98) 
coherent standard system of nomen 
clature. A complete list of necessary 
measurements is given ilong with prac- 
tical methods for taking them under 
actual plant conditions. Application of 
the test data is usually only a matter 
of substituting the values obtained into 
the simplified basic formulas given in 
the procedure. Sampling and analysis 
techniques are given thorough treat- 
ment 


Start-up and Test Procedure 


Very little material has hitherto ap- 
peared in the literature concerning the 
actual techniques used in starting up 
equipment tor performance or accept- 
ance tests. Here, for the first time, are 
explained methods which up to now 
have been the exclusive property ot 
the operating departments ol certain 
large engineering and manufacturing 
companies. Of particular importance 
is the question “When does one reach 
the steady state? The interpretation 
of the steady tate ind the recom 
mended ampling schedules set forth in 
the procedure are the results of rigor 
ous mathematical calculation and are 
believed to be of paramount impor 
tance and practical utility. Of equal 
importance, perhaps, is the relation 
hip established between the material 
balance and the approa h to the teady 
state 

Heat and material balances can be 
considered as a measure of the reliabil- 
ity of the data and as proof of the 
ittainment of the steady state statis- 
tical criteria in this respect are given 
in the procedure 

While a rigorous theoretical basis 
for correlating the performance data of 
absorbers has not yet been developed, 
several empirical methods have gained 
prominence im the field. These methods 
are described in the text of the pro 
cedure along with the appropriate lit 
erature reterences 


Comment invited 


It is not considered that this Ab- 
sorber Testing Procedure as published 
is necessarily in final or definitive 
form. Comment from users is invited 
and provisions have been made for 
In the 
words of Scheibel, chairman of the 
A.L.Ch.E. Sub-Committee on Absorb 
ers, “We hope that this publication 
will stimulate discussion in the indus- 


periodic review and revision 


trv, bring out new ideas and tech- 
niques, and serve as a basis for argu 


ment.” 


Vert Month Vew Test Procedure 


on Condensers 


FROM LOCAL SECTIONS 


PROFESSIONAL PROBLEMS, 
ENGINEERING ECONOMICS, 
CHEMICAL TRANSPORTA- 
TION ARE AMONG MAJOR 
SUBJECTS AT LOCAL 
SECTION MEETINGS 


When a 
trom college to 
depth ot knowledge 


young chemical engineer 


come industry he is 


expected to have 


rather than breadth of knowledge 
[his was one of the major points made 
by A. Hanchett, Solvay Process Divi 
sion (Alhed), when he spoke to the 
April meeting of the Maryland Sec- 
tion (7. Messina) lo the senior 


chemical engineering students from 


who 


Johns Hopkins were guests at 
the meeting, Hanchett emphasized that 
it os detailed oft tunda 
mentals that a chemical company wants 
rather than a wide acquaintance with 
the field. The three basic requirements 
which management seeks are: 1) Tech 
nical knowledge and training; 2) In- 


telligence and judgment: 3) Person 
ality and character 

At the annual students’ night meet- 
ing of the Rhode Island Section (/. / 
held in April, A.I.Ch.I 


Rushton spoke to the 
members 


Campanella ) 
president |. H 
and 
Institute 
Rushton pointed out, is 


members 
about the 
The Institute 
concerned with the individual and per- 


prospective 


and its objectives 


forms a vital function by providing 


him with technical material pertinent 
to his work. It also encourages and 
promotes contacts among men doing 
simular work which can result in the 
generation of new idea new meth 
ods. In essence, Rushton concluded, 
the Institute is one major way a 


chemical engineer's professional stand 

developed and recognized 

same Rhode Island meeting, 
Dolansky, Northeastern 


(Continued on 102) 


ards are 
At the 
Ladislav 


The second Annual Tyler Awards of the New 
York Section were presented at the May meet- 


Steve Tyler, former secre 
tary of the Institute, presented the owards 
named for him to Warren McCabe, left above, 
for the best book on chemical engineering for 
the yeor, and Elmer |. Gaden, Jr., above right, 
for the best article published in a periodical 
during the year. 


ing of the section 


News of the Field | 


Corros 


COPYRIGHT 1956. FANSTEEL 


eeeeees 


Fansteel 
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A JOURNAL OF USEFUL INFORMATION FOR THE SOLUTION OF CORROSION PROBLEMS 


Tantalum “U” Tube Heat Exchangers 


Ry A. T. Bergstrom* 


Since the tube side of shell and tube 
type heat exchangers is the “tightest” 
side, tantalum exchangers of this type 
are usually constructed so that the 


corrosive liquid being handled passes 
inside the tantalu an 


around them 


Conventional th ib heet ex 
changers are limited : n tubes 
6 or & feet long becaus tol 
ratio of thermal expans» ethoents 
of steel and tantalum. Further, exam- 


ination and cleaning of the outside of 
the ae is difficult 


The * 


bundle consists of tubes bent to a 


‘ tube or hairpin type tube 

shape with the both ends fixed in one 
tube sheet, so that with proper mani- 
the 
at the 


folding, liquid enters and leaves 


the 


changer 


tubes same end of the ex- 


The exchanger can be made 


in a wide range of sizes by varying 


tube leneth and diameter, number of 


tubes, and shell dimensions 
The advantages: (1) elimination of 
the differential expansion problem, 


(2) case of inspection and cleaning of 
and shell 


and (4) elimination of one 


bundle (3) no internal @as- 
kets, 
sheet and its tantalum protective 


The (1), diffi- 


culty of replacing individual tubes on 


tube 


disadvantages 


flange 


inside bends and (2) inability to clean 
*Chief Dengn Engineer, Chemical Equipment 


Diwwision, Fansteet Metallurgical Corporation 


Registered trade mark, du Pont 


de Nemours & Co., Ine 


4 


For further data on the above, write 


NORTH CHICAGO, 
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mechanically the interior of tubes at 


the bends. (Tantalum, however, can 
easily be cleaned with hvdrochloric 
acid.) The advantages, in most in- 
stances, obviously outweigh the dis- 


advantages of this type of construction 


I he 


thinwall 


seamless tantalum tubes are 
0.020" for 4%” OD tubes for 
shell 


150 psig steam pressure in the 


and 0.015" for "OD tubes for 
salety 
held 


battles 


psig team pressure provide i 


The tube bundle i 
segimented steel 


rods 


factor of five 
in senes of 
fastened together with tie 


Teflon** 


tubes in the baffles and permit their 


grommet upport the 


free movement 

The tubes are rolled into the steel 
tube sheet through copper ferrules, and 
after pressure testing, are arc welded 
to the tantalum tube sheet facing 
flange. Tantalum lined headers are 
bolted to the tube sheet letlon as- 


kets being used to provide a tight, 


leakproof joint 


Free Tantalum Test Kit 


A corrosion test kit, available without 


charee to research technicians, con- 


tains both tantalum sheet and wire 


Request iton your letterhead 
The 


which appear in 


e condensation is typical 
ol arti le 
CORROSIONOMICS, 
a bar 
Mail us 


clusion on our mailing list 


steel publi ation 


youll for ifie 


GS7IA 


FANSTEEL METALLURGICAL CORPORATION 


CHEMICAL EQUIPMENT DIVISION 


ILLINOIS, U.S.A 
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assure 
continuous 
flow 


—provide 
trouble-free” 
clean liquids 


That's why Elliott Twin Strainers are 
so widely used by power plants and 
industry, They protect expensive 
liquid-handling equipment by strain- 
ing liquids—without interrupting the 
flow. Shifting the flow from one 
strainer basket to another is accom- 
plished easily by turning two valve 
wheels, Removing and dumping the 
strainer basket is simple. The result: 


ROS 


the chance of objectionable solids 
gumming-up the works is eliminated. 

The Elliott line of strainers also 
includes Single, and Self-Cleaning 
Strainers in sizes ranging from 1” to 
24”, and with straining perforations 


” wire mesh. 


from %<” down to fine 
For further details contact your local 
Elliott District Office or write Elliott 
Company, Jeannette, Pa, 


ELLIOTT Company 


STEAM TURBINES « MOTORS « GENERATORS 
DENSERS « CENTRIFUGAL COMPRESSORS « TURBOCHARGERS « TUBE CLEANERS « STRAINERS 
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News of the Field 


FROM LOCAL SECTIONS 


(Continued from page 101) 
Boston Mass evaluated the 
systems of the 
Europe, the 


Univ., 


educational United 


States and Furope. In 


secondary schools insist on a good 


general education plus languages and 


a heavy schedule of mathematics. In 


general, kuropean students are more 
serious minded and intent upon learn 
ing, and colleges will accept only those 
who have passed a maturity examina 
leachers in Europe have 


and law 


tion pres 


tige comparable to doctors 


vers, are well paid, must maintain high 


standards 


Profit is a 
and production cost and en 


function of both sales 


volume 


gineers are sometimes so intent on the 
that they lose sight of the 
H. S. 


Univ 


cost tactor 


salability of the 
economics at the 


product, 
protessor ot 
of Tenn., told the April meeting of 
the Knoxville-Oak Ridge Section 
(Rk. W. Horton). Dye went on to 
discuss the effect of fluctuating de 
mand on the choice of optimum plant 
size, and to enumerate the many tac 
tors influencing the relative costs of 
labor and capital 

H. D. Midkiff of 
man’s traffic department bluntly pointed 
April meeting of the East 
Peacock, 


very 


Tennessee East 


out to the 
Tennessee Section (4. / 
/r.) that chemicals actually have 
little 
ture but must be shipped to the point 
their value. In trans 


Midkiff explained, 


answered 


value at the manufac 


pomt ot 
of use to realize 
porting chemicals, 
several questions must be 
1) What is to be 
much is to be shipped; 3) The destina 
tion of the When does 


the shipment have to be at its destina 


2) How 


shipped 
shipment; 4) 


tion? The first question includes the 


proper freight classification for de 


rates. Danyger 


termining the proper 


ous articles are described and classi 
fied by the 
ing and unloading regulations desig 
These regulations 


with the labeling, load 


nated for all classes 


must be observed in the transportation 
of chemicals falling into the dangerous 
category. The size of the shipment, 


the destination, and the delivery time 
determine the 


but each 


stipulations mode of 


transportation, shipment must 
be considered separately and on its 


own merits 


Psychology —Polyethylene 


Creativity from the psychologist’s 


view is the process of “play 


104) 


point of 


(Continued on page 


ELLIOTT | 
oF 
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My 4) ‘ 
5 Twin is in 
< 
: 


Grease 
or not 
to 


rear is ROL 


THE QUESTION 
witH 


lush 


_ SPRAY NOZZLES 


For new designs or applications, 
Ba nozzle spray characteristics are ex- 
haustive ely analyzed in the Spraying 
STREET Systems laboratory. Spray booths 
. like the one shown here, distribution 
BELLWOOD, Lt. tables, and stroboscopic cameras 
are just some of the em- 
ployed .. . to give you dependable 
spray nozzles that perform with 
“precision.” For complete informa- 
tion, write for Catalog 24. . . the 
most comprehensive catalog of its 
kind in the field 
ADVANCED SPRAY NOZZLE DESIGN FOR NEW 
DIMENSIONS IN CONTROL & PERFORMANCE 


U.S. MOTORS 
self-lubricated for normal lite 
plus Sulriflish for extra life! 


MOTOR LIFE INCREASED ul riflush 


Bearing failure, in most cases, is due to inadequate lubri- 
cation rather than inability to carry the load. With the 
exclusive Lubriflush system, U. S. motors give you extra 
advantages — convenient, thorough transverse re-lubrica- 
tion. No longer is it necessary to tear down your motor to 
get at the bearings to do a re-greasing. Lubriflush directs 
transmission of new grease transversely from behind the 
bearing, through the ball race to the opposite side, expel- 
ling the old worn-out grease through the drain. In ordinary 
bearings, the new grease replenishes only one side of the 
bearing, failing to effect a complete re-greasing. 


Need Gauge Glass or Cylinders in o hurry? : 
Then write, wire or phone Swift for immedi- Free: 
ate delivery. 

We have a complete stock of Pyrex Tubular 
Gauge Glass and Cylinders on hand for 
chemical, pharmaceutical or industrial ap- 
plications. Supplied in any length or finish 
from 2 mm. O.D. to 7” O.D. 


SWIFT 


SWIFT LUBRICATOR COMPANY, INC 
5 


Get this 6-page full color booklet on Motor Lubri- 
cation —A real refresher course on motor lubri- 
cation. Telis all about motor bearing greasing 
Fact-packed pages reveal engineering data that 
will amaze you. Send Coupon 


U. Electrical Meters inc 
© bes 2058, Les Angeles 
Calll or Millerd, Conn 


C) Send Lubriflush Booklet 
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ad 


says keynoter at recent Akron meeting: 


CHEMICAL ENGINEER HAS BEST 
OPPORTUNITY OF ALL IN 


he chemical engineer has the oppor- 
tunity to accomplish more than any 
of the other professions in the field of 
industrial pollution control. So said 
Roy F. Weston (Weston & Ecken 
felder Associates) in delivering the 
keynote address before the recent six 
section one-day meeting on industrial 
pollution control held in Akron, Ohio. 
Weston went on to explain that the 
chemical engineer cannot do the job 
alone, that it is his ability to draw 
upon and bring together the work of 
such specialists as chemists, biologists, 
sanitary engineer and others that 
makes his contribution so necessary 
The area of prevention was cited by 
Weston as being the one in which most 
can be accomplished in the future. This 
area is another “natural” for the 
chemical engineer at the time of pro 
ess design, at which time it is not 
only cheaper, but also frequently 
easier, to sell pollution control than it 
is after the plant is built and the capital 
appropriation needed for control facili- 


INDUSTRIAL POLLUTION CONTROL 


ties assumes a sizeable proportion of 
the capital allocation for the completed 
plant 

Often, continued Weston, the cost of 
needed prevention facilities at the time 
of design of a new plant amounts to 
only two to three per cent of the total 
capital appropriation requested—well 
within the range of competitive bid 
ding. 

Warning was given by Weston, lest 
one consider that the only way to use 
the services of the chemical engineer 
in the field of industrial pollution con 
trol would be in process development 
and design. Today's chemical engi- 
neers also function in the approval of 
processes and in management of opera 
tions, having become a most impor- 
tant professional group in top manage 
ment. In these roles, Weston believes 
the chemical engineer can be an impor 
tant factor in the decision to do some 
thing, to do the right, the economi 
thing in preventing or controlling pol 
lution. (Pictures on pages 110-111.) 


“In Engzneering , 
it’s the People that Count’ 


906 Grand Ave. 


The C. W. NOFSINGER Co. 


Kansas City 6, Missouri 


Phone BAltimore 1-4146 


Engineers and Contractors for the Petroleum 
and Chemical Industries 


4 
4 
4 
4 
a 


1957 HEAT TRANSFER AND 


FLUID MECHANICS INSTITUTE — 
Preprints of Papers 


latest technical and scientific advances in fluid mechanics, © 
heat transfer, and related fields are 
the 1957 of t 


resented in these 21 pa- 
June 19-21, 


STANFORD, CALIFORNIA 
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(Continued from page 102) 


ing around.”” With this fresh approach 
to his subject, The Psychological Fac- 
tors in Creativity, R. W. Wallen, 
Creelman Associates, Cleveland, went 
on to explain to the April meeting of 
the Northeast New York Section 
(W. S. Frank) that people frequently 
indulge in creative effort purely for 
the pleasure of the creative process 
without concern for the end product 
of the process. With this concept of 
creativity, Wallen doubted that indus- 
try really wants creativity. As soon 
as industry defines a specific research 
objective, the key “playing around” 
ingredient is at least partially lost 
Wallen chided the 
trialists who have suddenly discovered 
creativity and are pushing it hard 
without really understanding it. He 
went on to discuss the four primary 


“fadism” of indus 


factors which hinder creative effec- 
tiveness: 1) Lack of education and 
experience is probably the most over 
looked hindrance—a mind well-stocked 
with knowledge is the most fertile soil 
for new ideas. 2) Lack of motivation 
is frequently cited as a hindrance, but 
Wallen believes all people have a nat 
ural motivation to create. The prob- 
lem is not to motivate people but rather 
to remove the blocks. For example, 
don’t block motivation by ignoring the 
emotional impact of project cancel 
lations. 3) The hindrance of “set” 
or fixed patterns is well recognized. 
4) Fear of thought is a mental block 
that stems from a subconscious fear 
of criticism. This, Wallen feels, is 
the big weakness of brainstorming 
which prohibits external criticism but 
cannot prevent self-criticism and re 
pression. Although management often 
does not really understand creativity, 
unless it is creative and receptive to 
new ideas the whole organization will 
languish. 


The completed multi-million-dollar 
low pressure polyethylene plant of 
W. R. Grace will produce 50 million 
pounds a year, according to A. J 
Bruno, Jr., of Grace, speaking before 
the March meeting of the El Dorado 
Section (G. D. Rucker). The plant, 


| being built at Baton Rouge by Fluor 


with the help of Phillips Petroleum, 
owner of the process, will cost about 
$18.5 million, will get its ethylene from 
the nearby Esso refinery at a price 
of about 5¢ a pound. Low pressure 
polyethylene is polymerized with a 
catalyst and solvent at 500 to 550 


(Continued on page 106) 


SCREW ENGINES 


for oil-free handling of air and many other gases. Flow 
rates range from 350 to 15,900 cfm. Pressures up to 155 psia. 


 GUTEHOFFNUNGSHUTTE 


STERKRADE AKTIENGESELLSCHAFT . STERKRADE WORKS - GERMANY 


REPRESENTATIVES: THE FORAM CORPORATION 
15 MOORE STREET, NEW YORK 4, N.Y. Telephone: Whitehall 3.8241 


WELDED 
ALUMINUM 
TANKS 


e Welded aluminum tanks for storage, 
pressure vessels and processing equipment 
built co ASME Code specifications to meet 
all insurance requirements; pure alumi- 


num tanks for hydrogen peroxide storage DRUM RECONDITIONING 
or other purposes. Conventional or spe- 
other pus MACHINES 
cial design tanks, shop built-up or field- 
erected, can be built to your specifica- keep your drums making more trips 
tions. Write for Tank Talks. Gu.co Traveler, Model 55-BHCL, simultaneously 
and automatically cleans the inside and outside of 
Elevated Tanks, used steel drums. Incorporates chaining (scouring) 
Processing epends on charac € r of residue or internal rule oO 
be removed Model 55-BHCL i compietle ine luding 


Equipment trom 


MF hood and exhaust system, automatic loader and 
telatess @ submerger and live roller conveyor 
There's a GILco machine for every phase of steel 
Alleys. drum reconditioning. For complete details and 
Established 1854 specifications on the equipment to solve your par- 
ticular problem, write, DEPT. GT 
R. D. COLE MANUFACTURING CO. L. M. GILBERT COMPANY 
NEWNAN, GEORGIA 1505 Race Street Philadelphia 2, Pa. 


LMGILCO 


Cable 
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(HOH ABSOLUTE) 
equipment Aluminum and = stainless 


10,000,000* OHM Water, Free of Bacteria and other ; are used in the finishing sections to 
submicroscopic Particles, Organics and Silica. assure purity There is no corrosior 
problem \s compared with the Z evler 


process, the Phillips proce 


pounds pressure im all carbon steel 


Closest thing to HOH ABSOLUTE an entirely new standard of 
water purification by Barnstead now makes new advances possible in 
Chemical, Electronic, and Nuclear fields 


have fewer difficult: proces 


lems, according to Rucker 


Also Meeting 


TWOBED «WATER MIXED-BED BARNSTEAD Western Massachusetts / 
STILL ocmmenauzen * MF“ FILTER Bogan) in March heard F. C, Durant 


Il] of the Arthur D. Little Co. di 


cuss the forthcoming activities « 


International Geophysical Year nl 
the Space Satellite program. Observa 
tions for the IGY will be made from 
all land surfaces and some 70 scien 
tthe research ship \ major a 

MGY is the launcl 
pace atellite vhicl vill travel about 
the earth at about 18,000) mile in 
Oklahoma Section (/:. 
Beck) listened to a talk by | Banes 
of Southwestern Bell Telephone Co 
on the early warning rada 


\ 
vorthern Canada ‘ ‘ plained 


that our national defense depends on 
an efhcient warning system which will 
The purification of water often requires special engineering, and a broad H give us enough time to prepare for 
consideration of accessory equipment. The above combination of Water an attack. The need justified the deci 
Demuineralizers, Water Stull, and Barnstead MF Filter, operated in series, sion to build the DEW-line in North 
will produce 10,000,000 OHMS water in production quantities 


ern Canada The problems involved 
free of bacteria, organics and silica 


were shown in a film, Arctic Mission 

Whatever your water purification problem, Barnstead en- Northern California (/. ©. Ornea) 

gineering coupled with Barnstead's extensive line of Pure discussed Modern Techniques in Petro 

Water equipment has the authoritative answer. Write today! leum Refining at its February meeting 
The speaker, M. J. Sterba, | 

. Catalog —- ; Catalog 127 Bulletin 141 Universal Oil Products’ Engineering 


Describes Mixed-Bed, MF Filter, Research and Development Depart 

line of water Two-Bed, and filters out ment, outlined a process scheme fo: 

stills from Four-Bed particles to increasing the octane rating further 

% to Demineralizers 0.45 micron 
ep 


(Continued on page 109) 


BOSTON NEW YORK 
JAmaica 43100 Kingsbridge 8 1557 


PHILADELPHIA CLEVELAND CHICAGO 
LOcust 8-1796 ACademy 6-6622 Financial 6.0588 


LOS ANGELES SAN FRANCISCO 
RYan 1.9373 TEmplebar 2-5391 


*Corrected to 18°C 


arnstead 


DEMINERALIZER C0. werpen presents the formal charter which gave 


the new Syracuse Section permanent affiliation 

with A.l.Ch.E. Van Antwerpen made the for 

mal presentation ot the recent May meeting of 

82 Lanesville Terrace, Boston 31, Mass the section which wos organized in April, 1956 

Receiving the charter is section chmn. H. P 

Munger, Syracuse Univ., and watching is 
tion vice-chmn. R. A. Hiserodt, Solvay 
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Whether you ore responsible 
fer budgets of not, menegement 
is elwoys interested in reducing 
costs. The “TWO-WAY” Test is 
designed to help you select the 
highest quality glessware for the 
lowest possible cost 

THIS IS THE “TWO-WAY” 


sver Collect several somples 
of advertised brands of labora 
tory glassware making sure thot 


An SK Steam Jocketed Geor 
Pump can restore that old 
equonimity—keep the brass 
happy and you smiling. 


Engineers and production 
men in many varied industries 
are using SK Steam Jacketed 
Herringbone Geor Pumps to 
handle viscous materials of 
many types—heovy fuel oils, 
asphalt, vegetable shorten- 
ing, give, and others. 


one of ther Doerr Diamond 
D Blue Line. Test these som 
ples for the qualities and chor 
acteristics you require your 
laboratory and record the re 
sults 

STEP 2. Compore the prices of 
the brands tested. You will find 
the Doerr Diamond D Blue Line 
putstrips every competitive 


Take a tip from these folks, 
Send for a copy of Bulletin 
17-A which describes SK’'s line 
of pumps. Or, acquaint us 
with your problem. We'll help. 


brand nm quality and sels of 
ossible cost 


MANUFACTURING ENGINEERS 
2245 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA 
Jet Apparatus: | Rotameters & Flow | Valves Ash for | Weat Transter | Gear Pumps Avs 
indicators DOERR GLASS COMPANY 


Vineland, N. J. 


NEW Complete Line 


Cooling 
REMPE 


15 Ton OUTLET EXPANSION VALVES 
CAPACITY MADE-ON— 
READY TO INSTALL 


BIND YOUR C.E.P. IN THE 
NEW, STURDIER BINDER 


4 Row Coils— 
for residential jobs. 


CHEMICAL ENGINEERING PROGRESS 
26 West 45th Street 
New York 36, New York 


6 Row Coils— 
for commercial jobs. 


Gentlemen I am enclosing my check | 


money order) fer § Please | Precision built to insure 


send me binders @ $3.50 each 
top performance and to 


| for the following years (add 3% sales tax 


Write for bulletins and prices. 


Name 


Complete facilities for fabrication of pipe coils all types 
all materials, Engineering service. Send details for price 


REMPE COMPANY 


334 WN. Sacramento Bivd., Chicago 17, Ill 


Address 


City Zone 


State 
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pon GIVE UF BUDGETING ?... 
winen viscous make the tle 
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KZ. » 
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‘Kates 


Are you 
sure you 
need a 
flow control 
system ? 


SINGLE-UNIT 
FLOW RATE REGULATORS 


Here's an answer to liquid flow rate control that should 
~ ay to processing, maintenance and accounting men 
alike. Inlet and outlet piping are the only connections; 
no linkages, control air or electronics are required. Just 
connect the flow piping and set the desired flow rate; 
nothing else is required. When inspection or mainte- 
nance are necessary, just lift the working parts from the 
case, which remains in the piping. 


KATES direct-acting regulators combine with inexpen- 
sive centrifugal pumps or gravity feeds for precision 
control of blending, liquid circuits, process additives, or 
coolants—more reliably and at less cost than comparable 
control systems, Pressure jumps or drops of 125 psi, 
either upstream or down, are compensated internally 
~—without hunting or lagging. Check over the follow- 
ing typical applications, then write for the entire story. 


SINGLE-SOURCE MULTIPLE DELIVERIES 


from either grovity storage of centrifuge! pump 


UNIT! UNIT 2 


PRESSURE FILTRATION CONTROL | 


keeps fitrotion rote ot desired point despite steody 
build-up of filter coke; ne valve jockeying! 


Te 
= 


PRESSURE ALARM 


and solenoid valves feeding 
through Kotes regulators! 


Write for Technical 


W.A. KATES COMPANY 
Department C 
430 Wavkegon Road 
Deerfield, Iilinois 


CANDIDATES FOR MEMBER- 
SHIP IN A. I. Ch. E. 


The following is o list of candidates for the designated grades of 


membership in A.1.Ch.E. 


ded for 


by the Committee 


on Admissions. 


These names are listed in accordance with Article Ill, Section 8 


of the Constitution of A.I.Ch.E. 


Objections to the election of any of these candidates from Members 
and Associate Members will receive careful consideration if received 
before July 15, 1957, at the office of the Secretary, AJ.Ch.E., 25 
West 45th Street, New York 36, N. Y. 


Member 


Anastasio, Anthony J., New 
Brunswick, N. J. 
Anthes, John A., Pittsburgh, Pa. 
Austin, J. M., Pittsburgh, Pa. 
Berglund, Lawrence W., Kansas 
City, Mo. 
Berry, Kay L., Englewood, Colo. 
Bulkowski, H. Harold, Springfield, 
Pa. 
Butts, Durain C., Akron, Ohio 
Canney, C. F., Pittsburgh, Pa. 
Cech, Charles J., Wood River, Ill. 
Chapman, W. D., Saginaw, Mich 
Ebersole, Alvin J., Downey, Calif. 
Engle, L. F., New Orleans, La. 
Fitch, Charles M., Houston, Tex. 
Fondrk, V. V., Jeannette, Pa 
Gans, Manfred, Leonia, N. J. 
Gibson, E. Lacy, Whiting, Ind. 
Graeter, Raymond G., Cambridge, 
Mass. 
Guillory, M. J., Baton Rouge, la 
Hendrickson, John R., Sr., Cam- 
den, N. J. 
Hermanson, D. A., St. Louis, Mo 
Hicks, Horold E., Hattiesburg, Miss. 
Hosty, Jack A., Pine Bluff, Ark. 
Hugill, J. T., Norwalk, Conn. 
Jackson, Leroy, Jr., Texas City, 
Texas 
Jackson, Williom B., Library, Pa. 
Jost, John A., E. Aurora, N. Y. 
Junge, James F., Jenkintown, Pa. 
Kennedy, Klem K., Sepulveda, 
Colif. 
Ketzlach, 
Wash. 
Kiopekly, 
Colif. 


Richland, 


Norman, 


George, San Mateo, 


| Maddock, William T., Robinson, II! 


Martin, Monroe D., Idaho Falls, 
Idaho 

Miller, Benjamin, New York, N.Y. 

Minkin, Morris B., New York, N. Y. 

Moller, Denny D., Pittsburgh, Pa 

Morrell, Gerald, Olmsted Falls, 
Ohio 

Murphy, 
Ind 

Nielsson, Francis T., Morton Grove, 

Paradiso, Sam 4J., 
Mich. 

Pfeiffer, Fred, Boulder City, Nev. 

Pounds, Arthur M., Elyria, Ohio 

Reichenbach, George S., Jr., Spor 
rows Point, Md 

Reidel, John C., Tulsa, Okla. 

Ristaino, Antonio J., Annapolis, 
Md. 

Ruark, C. S., Decatur, Ala. 

Schorman, R. P., Collingswood, 
N. J. 

Schumacher, Frederick G., Wil 
mington, Del. 

Schwaegerle, Edward G., Elyria, 
Ohio 


George R., Chesterton, 


Kalamazoo, 
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Seabury, A. D., Gibsonia, Pa. 

Shelton, Frederic J., Seattle, Wash 
ington 

Sienkiewicz, Boleslaw, Pearl River, 
N. Y. 

Sorgato, Ippolito, Padova, Italy 

Stromquist, Donald M., Bountiful, 
Utah 

Teller, Aaron J., Gainesville, Fla. 

Thomas, William D., Toledo, Ohio 

Thompson, H. Leroy, Birmingham, 
Alo 

Vahidieck, Nathan P., Milwaukee, 
Wis. 

Ward, Harry W., Cranford, N.J 

Williams, Jack C., New York, N. Y. 

Wurzbach, Clinton O., Edmonton, 
Alberta, Can. 


Associate Member 


Ambrose, Edword A., Sf. Paul, 
Minn. 
Bowman, 
Md. 

Breyfogle, P. L., Decatur, Ill. 

Bryson, Horry W., Jr., Tacoma, 
Wash. 

Couper, Colin C., Jr., Army Chemi- 
cal Center, Md 

Cross, Alan, Pittsburgh, Pa. 

Crowther, Sam, Pasadena, Tex. 

Davidson, Alan K., Memphis, Tenn. 

Devaney, Harold E., Westfield, 
N. J. 

Gessner, Adolf W., Pittsburgh, Po. 
Gibson, Douglas A., Loke Jackson, 
Tex. 
Greer, 

Okla. 
Griffith, Samuel, lo Morque, Tex. 
Hayward, Charles R., Sf. Lovis, 

Mo. 

Hester, David B., Cincinnati, Ohio 
Hinken, Lawrence R., Decatur, Alo 
Holon, Elmer W., Loke Jackson, 

Tex. 

Holden, John F., Toms River, N. J. 
Honohan, Edward J., Jamaico, 

N.Y. 

Hook, Glenn M., E. St. Louis, fil. 
Huling, Gene Poul, Coraopolis, Pa. 
Josvanger, Charles F., Portsmouth, 

Ohio 
Kenney, William F., Upton, N. Y 
Kildea, John, Pittsburgh, Pa 
Kirberg, J. Ronald, Cuyahoga 

Falls, Ohio 
Klein, John D., Baltimore, Md 
Kline, Pau! E., Midland, Mich 
Kmok, Wolter S., Old Bridge, N. J 
Koerner, Ernest L., Niagara Folls, 

N. Y. 

Koretrky, Joseph, Brooklyn, N. Y 
Langan, Thomas E., Phila., Pa 
Lurie, Robert M., Waltham, Mass 
Malcomson, A. J., Mentor, Ohio 
Manske, W. J., St. Poul, Minn 
Mattona, John L., New York, N.Y 


Charles W., Baltimore, 


Richard J., Ponca City, 


| 
| 
| | 
| 
| 
| 
| 
| 
| 
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(Continued from page 106) 


toward levels which may be required 


in the near future. The method in- 
volves a process whereby C, and Cg, 
fractions would be separately isomer- 
ized and the isomer products then 
blended with Platformate made from 
the C, plus fraction. . . Philadelphia- 
Wilmington (1. G. Magill) held its 
Ladies Night in February and the 
featured speaker was Ruth Patrick, 


Philadelphia Academy of Natural Sci- 


ences’ expert on the study of fresh 
waters and their physical, chemical 
and biological factors. Dr. Patrick 


spoke of her adventures on an aquatic 
survey of the Amazon River. 

Texas Panhandle (C. M. Oktay) in 
vited H. O. Hodson, vice-president 
of engineering and operations at the 


Southwestern Public Service Co., to 
speak at its March meeting on what 
Engineers Owe the Public. 


Detroit (R. D. Stevenson) at its May | 


meeting heard about the development 
ot fibers from Egyptian times up to 
the modern synthetic fibers manufac- 
tured by Chemstrand 
speaker, R. W. Work, is director of 
Fiber Development 


where 


CANDIDATES 


(Continued ) 


McCabe, Earl A., Jr., Pittsburgh, 
McNeely, James B., Highland Park, 
Miglietta, A. L., Bedong, Kedah, 
Mirenda, John T., New York, N.Y. 
Pearlman, Samuel, Philadelphia, 
Pement, Fred W., Pittsburgh, Pa 
Plombon, Julian J., St. Paul, Minn. 
Pollock, Fred E., Memphis, Tenn 
Powell, H. W., Jr., Tulsa, Okla 
Ratcliffe, Stanley R., Mentor, Ohio 
Roane, S. Boyd, Donaldsonville, La 
Robinson, Alexander H., Schenectady, N. Y. 
Rodriguez, Harold V., Baton Rouge, La. 
Root, William 1., 3rd, Bethlehem, 
Ross, Laurence W., So. Charleston, 
Scharf, E. Jonathan, Somerville, N. J. 
Schmitt, Emil, Jr., Easton, Pa 

Schroder, Malcolm C., Jr., Aiken, S.C. 
Senouwr, Richard T., E. Alton, iil 
Shaver, Charles C., Jr., Houston, 
Shingleton, Gordon D., Lutherville, 
Shinnar, Revel, C., N. Y. 
Shouse, C. W., Big Spring, Tex. 
Slyker, Richard A., Pasadena, Tex 
Summers, Frank V., Scotia, N. Y 
Tardif, Richard E., Rochester, N.Y. 
Thorpe, John A., St. Paul, Minn. 
Trostel, Albert O., Milwaukee, Wis 
Trowbridge, William Otis, St. Poul, 
Vannoy, Thomas R., Seagroves, 
Van Sandt, J. H., Cushing, Okla 
Volkmann, Ronald J., Cincinnati, 
Wheatley, T. A., Decatur, iil 
Wingfield, Harold T., White Beor Lk., Minn 
Winslow, Charles E., Jr., W. Norfolk, Va 
Witter, Ray E., Trenton, Mich 

Wolford, Fred V., Austin, Tex 


Affiliate 

Chakroborty, Ajit Kumar, Solford, Lancashire, 
U. K. 

Eby, Donald L., Collinsville, Il! 

Frodey, David H., Charleston, W. Va. 


Minn 


Tex 


Ohio 


the | 


Thermocouple Life 


Increased Up To [35 Times 
With T-E’s Conamo” Construction 


For measuring all types of process temperatures, T-E's “Ceramo” 


construction—ceramic insulation, metal sheathing—provides a 
tremendous increase in thermocouple life over conventional, open- 
end types. In a typical application, enclosed hot junction, Ye'' O.D. 
“Ceramo” thermocouples were used recently in a hydro carbon 
cracking unit operating continuously at 1616” F. “Ceramo" thermo- 
couples lasted 7 to 9 months—while 14 gage bare wire thermo- 
couples lasted but 2 to 14 days. And there was no significant 
difference in response. “Ceramo” thermocouples are available in 
all standard calibrations. Overall diameters—1/25" to 7/16". 


Write for Bulletin 325- v. 


Thermo Electric 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Lid., Brampton, Ont. 


SHRIVER 

DIAPHRAGM 
aX, PUMPS 


e better efficiency 
less supervision 
e less maintenance 
e lower costs 


It pays to use this positive action, 
large volume, efficient pump on mate- 
rials that clog and destroy conventional 
pumps. No packings, no leakage; easy 
to clean and maintain; low operating 
cost. Built of any material; pressures to 
100 p.s.i. Rated capacity —1 to 90 g.p.m 


T. SHRIVER & COMPANY, Inc. 


812 Homilten 5t., Harrison, J. 


Seles Representatives in 
Lovie, Me —Sen Froncisco— Montreal 


Decotur, Go.—Hovston, Tex Teron 


| 
| 
| 
} 
| — — { 
| | 
| 
vE 
ABRAS! 
| fo corrosive VALU ABLE 
| gcous THICK” 
| p MATERIALS 
| CONTAMINATE 
Filter Medio 
Diaphragm Pumps 
| Coils 
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CAMERA 


a MISSILE FUELS 


Will be subject of two symposia at the Balti 
more A.l.Ch.E. meeting in September. Shown 
here are some of the leaders in missile fuels 


a 


development at the recent Commercial Chemi 


4 cal Development Asociation Meeting on this David Altman (Aeroneutronics), Barnet Adelman (Ramo Woolridge), and Arthur 
subject. Some of these men will be speakers Stosick (Union Carbide Research Institute) discuss Adelman’s appeal to the 
in’ Baltimore chemical industry to keep in close touch with the needs of the missile industry 


Rabertson Youngquist (Reaction Motors), H. W Richey (Thiokol), J. J. O'Connell (Amoco Chemicals), E. A. Weilmuenster (Olin 
and Richard B. Canright compare the nitric acid JP-kerosine fuel Mathieson), Lyman Bonner (Hercules), and J. F. Tormey (Rocket 
of NIKE with the possibilities of liquid hydrogen, which Young dyne) chat about Tormey’s classification of fuels and Weil- 
quist reported has a habit of condensing oxygen from the air muenster's prediction of boron derivatives of significance to the 
into itself, thus creating explosion hazards chemical industry 


‘ INDUSTRIAL POLLUTION 


+ Control was subject at recent six-sec 
‘ tion one-day meeting in Akron (shown 
here), plus cooperative A.1.Ch.E.-Air 
Pollution Control Association meeting 
in St. Louis 


: C. A. Snavely and J. E. Clifford (both Battelle) hear Roy Weston (Weston & 
Eckenfelder Assoc.) explain his meeting-keynote theme that “the chemical 
Engineer has the opportunity for accomplishing more than any others 
ig in the field of industrial pollution control.” Weston is chairman of A.1.Ch.E.'s 
Pollution Control Committee 


Wm. W. Ellis (M & R Dietetic 
Labs), C. L. Parish (Columbia- 
Southern, Barberton), and R. E 


a R. J. Ruff (Catalytic Combustion Corp.) Lynn, Jr. (B. F. Goodrich Re- 

brought to Akron data on the performance search) discuss session on stream 

; of large-scale catalytic fume combustion pollution which Lynn chair- 
units, manned. 
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NEWARK 


C. F. Savage, Consultant on Professional Relations 
General Electric, answers questions following his 
talk or ‘Intangible Aspects of Professional Em 
ployment,” a part of the session on “The Engineer 
as a Professional Man” at the one-day meeting of 
the New Section, A.L.Ch.E. at Newark 


May 14 


Jersey 


Plastic piping (left) in inter: 
sewage system ir 1948 


(Courtesy U. S. Rubber 


Scene (above) at 
Chemical Corporation conducted tour for visitors from Pacific 
wes! pulp and 


chemical brine five 


Lynn, WwW. Otto 
Akron) 
year, Akron), Ellis, and Parish 


Firestone 
George Blum (Good 
Bioom told of his experiences 
in organizing the technical 
prograrr for the Akron meet 
ing attended by more thar 
160 Blum is secretary of 
Pollution 


Committee 


Control 


nstalled in Chicago's 


and var acids 


paper industry 


miles to Troma 


Searles Lake. California, when American Potash & 


North 


Pipeline (background) transports 


where it is refined 


What is it? 


Celanese's new high-gloss water-thinned latex 


Answer sphere costed with 


paint, made of polyvinyl scetete emulsion 

Believed the first commercially introduced 
y 

Celanese predicts that such paints will be 


used on al! automobiles by 1965 
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President of the recently-formed 

Olin Mathieson Inter 
national orp. is Henry 
A. Arnold. Arnold will 
he responsible for all 
of Olin 


overseas 


Mathieson’s 
activities in 
Arnold cluding production and 
marketing 


New research and development man 

Acheson Colloids Co., Port 
Mich., is Arthur J. Stock. 
joming Acheson, Stock wa 
project director for Chicopee Manu 


ager for 
Huron, 


facturing Corp., Springfield, Mass 


Robert B. Beckman promoted to 
of chemical engineering at 
Carnegie Institute of 
Seckman, who is supervisor of the 
Callery Chemical Co. research contract 


prote ssor 
Fechnology 


at Carnegie, joined the faculty in 1946 


New executive assignments at Spen 
cer Chemical Co. include Robert A. 
Byorum as chief engineer and Robert 
W. Hogeboom as assistant chief en 
gineer 


William Weltner, Jr. and Floyd I. 
Scherber are new members of the 
staff of the newly-formed Union Car- 
bide Research Institute. 


New member of the process devel 
opment staff of the Toilet Goods Divi- 
sion at Procter & Gamble is Robert 
A. Cody. 


Hooker Electrochemical Co. an- 
nounces appointment of Robert PF. 
Schultz as works manager, Niagara 
Falls. Schultz was formerly produc 
tion superintendent of the Hooker 
Niagara Falls plants, including the 
P-31 plant at Model City. Also at 
Hooker, Niagara Falls, Maynard L. 
Parker has named production 
superintendent and Barrett B. Brown 
becomes assistant production superin 


been 


tendent. 


W. B. Franklin is one of the 14- 
Advisory Council for the 
newly-formed Engi- 
neering Foundation of 
the College of Engi 
neering at the Univer 
Frank 


acting 


member 


sity of Texas, 
lin is presently 
manager of the Refin- 
ing and Research Divi- 
sion in Humble Oil & Refining Com- 
pany’s executive development program 


Franklin 


aim 
PRESSURE 
REGULATOR 


ACE GLASS INCORPOR 

VINELAND @ NEW JE 

639-41 SOUTH HANCOCI 
LOUISVILLE, KY. 


Glassware Specialists to Vudustry and Research 


112 


001 LABORATORY 
AIR CONTROL EQUIPMENT mmm 


AIR FULTER 
ALUMI ALLOY 
& PLASTIC CYL. 
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Ranald G. Dunning, 
formerly project engi- 
neer and project analyst 
at Merck & Co., joins 
Metalwash Machinery 
Elizabeth, N. J., 
as manager of research 
and development. 


Corp, 


Dunning 


Paul Bumble, formerly with Gen- 
eral Foods Engineering Research, has 
joined Wyssmont Co. as research and 
designing engineer in the Technical 
Section. 


Blaw-Knox announces appointment 
of Bruce Alexander as manager of 
technical services at its offices in 
Washington, D. C. Alexander has 
been with Blaw-Knox since 1944. 


Promotions in Research and De- 
velopment Department of Ethyl Corp. 
at Baton Rouge include: W. Burke 
Grandjean to superintendent of busi- 
ness information; Merle L. Gould to 
assistant director in process design; 
and J. B. Bingeman to acting super- 
visor in process design 


James L. Walker has joined Purvis 
& Gertz, Inc., consulting engineers, 
Dallas, Texas, as staff consultant for 
the petroleum refining and petrochem- 
ical industries. 


Robert A. Brown, recently associ- 
ated with the Campbell Soup Co., 
named to staff of Whiting Research 
Laboratories, Standard Oil Co. (In- 
diana ). 


National Research Corp. announces 
promotion of James H. Gardner and 
Arthur G. Walsh to be assistant 
directors of their Research Division. 


Joseph A. Brink, Jr., honored with 
the Gaston du Bois award of the 
Inorganic Chemicals Division, Mon- 
santo Chemical Co., for outstanding 
research accomplishments during 1956. 


John P. Hyde promoted to position 
of operations manager for Diamond 
Alkali’s Silicate, Detergent, Calcium 
Division. Hyde joined Diamond Al- 
kali in 1951 


Thomas G. Fox appointed assistant 
director of research in Mellon Insti- 
tute. He will head the Institute's pro- 
grams of polymer research. 


Graham C. Mees has been ap- 
pointed president and John C. Hecker 
has been named vice-president and 
general manager of the Distillation 
Products Industries Division of East- 
man Kodak Co. 


G to sen 
Dep't AE 
ace tober? 
Equipmen™ 
| piso in stock 
| idwester® Street 
Louisville, KY: ALUMINUM 
« 
2 cx | 
9 | 
j 
| 
| ATED 
RSEY 


William A. Leitner joins staff of 
Overseas Development Division of the 
Procter & Gamble Co 


Myron G. DeFries has become a 
member of the Chemistry Division of 
the Atlantic Research Corp., Alexan- 
dria, Va. DeFries has been a chemical 
engineer with Rohm & Haas and with 
Houdaille-Hershey Corp. 


New vice-presidents of Union Oil 
Co. of California are Basil P. Kantzer 
and Charles S. Parker. 


Joseph McGaw and Martin Gur- 
vitch have joined the staff of the 
Research & Development Department, 
Barrett Division, Allied Chemical & 


Dye. They will both be involved in 
applications research on _ phenolic 
resins. 


Raymond Ewell, former assistant 
director of the National Science Foun 


dation, named as vice chancellor for 
research and professor of chemistry 
at the University of Buffalo. Ewell 
recently served as consultant to the 
India Ministry of Commerce and In 
dustry in New Delhi 

F. G. Stech promoted to group 
leader responsible for industrial en- 
gineering functions at the Institute, 
West Va., plant of Union Carbide 


Chemicals Co 


Warren L. McCabe, administrative 


dean of the Polytechnic Institute of 
Brooklyn, receives Tyler Award of 
the New York Section of the A.IL.Ch.E 


A past president of the A.I.Ch.E., Me 
Cabe has on the faculties of 
M.I.T., Carnegie Institute of Technol 
ogy, and the University of Michigan 


sery ed 


Executive changes at Vitro include 
election of G. Russell Tatum, division 
general manager, and 
William A. Bain, Jr., 
director of Vitro’s West 


Orange, N. J., Labora- 


tories, as president and 
vice president, respec 
Spector tively, of Vitro Labora 
tories Also at Vitro, 


Norman A. Spector, vice-president of 
Heavy Minerals Co. and assistant gen- 
of Vitro Engineering 
been named presi 


eral manager 


Division, has vice 


dent of Vitro Corp. of America 


John Kempf joins technical staff of 


Furane Plastics as product develop 
ment manager of adhesives and coat- 
ings. Kempf was formerly associate 
director of research at U. S. Stone- 


ware 


(Continued on page 114) 


PILOT PLANT ROTARY DRYER 


The Ruggles-Coles Pilot Plant Dryer is designed especially 


for laboratory use or for small capacity unit operations requir- 


ing a continuous or intermittent drying step. Each unit: 


e@ Is mounted on a structural steel base. 


@ Has removable “knockers.” 


@ Provides for easy changing of shell 


rotation speed or shell slope. 


@ Is available in stainless steel or other 


corrosion-resistant materials, 


@ Requires only fuel supply and power 
connections to be placed in operation. 


XH-XF SINGLE-SHELL 


@ Is easily moved from place to place. 


lt is available in three models: 
(1) XH-XF single-shell, direct gas fired 


dryer. Arranged for either parallel or 
counter-flow operation. Bulletin AH-471. 


(2) XB double-shell, indirect-heat, gas- 
fired dryer for drying without contamina- 
tion. Volatiles removed with only limited 
dilution, Bulletin AH-472. 


(3) XC steam-tube indirect heat dryer. 
Can be connected to any available steam 


XB DOUBLE-SHELL 


supply or furnished with a 3-HP steam 


generator. Bulletin AH-473. 


For complete information write Depart- 
ment 40. 


XC STEAM 


HARDINGE 


INCORPORATED 


TUBE 


COMPANY, 


YORK, PENNSYLVANIA . 240 Arch St. ° Main Office and Works 
New York * Toronto + Chicago * Hibbing +- Houston * Salt Lake City + San Francisco 
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fast, accurat 
| tests for 
pH, 


CHLORINE | 


TAYLOR |. 
COMPARATORS 


Help Control 
Chemical Processes, 
Water Purification, 
Boiler Water, 
Waste Treatment 


Get accurate determinations of 
pH, chlorine, bromine, phos- 
phate, QAC, nitrate in a matter 
of minutes with lightweight, 
portable Taylor Comparators. 
On-the-spot, colorimetric tests 
give you dependable operational 
data in three easy steps. Testing 
consists of comparing the treated 
sample with the movable color 
standard slide until colors match. 
You then read values direct from 
slide. Complete water analysis 
is only a little more detailed with 


the Taylor Water Analyzer. 
Be sure to use only Taylor reagents 
and accessories with Taylor Com- 
parators to assure accurate results. 
All Taylor liquid color standards 
carry an unlimited guarantee against 
fading. 
SEE YOUR DEALER for Toylor sets or im- 
mediate replacement of supplies. Write 
direct for FREE HANDBOOK, 
“Modern and Chlorine Con- 
trol”. Gives theory and applica- 


tion of pH control. Illustrates 
and describes full Taylor line. 


W. A. TAYLOR %:° 


412 RODGERS FORGE RO + BALTIMORE 4 MO 


114 e@ 


people 


Joseph H. Cox joins staff of Chem 
icals Development Division of Esso 
Research and Engineering Co., Linden, 


N. J 


Kenneth M. Watson, former vice 
president of Pure Oil 
Co., appointed to staff 
of Illinois Institute of 
log’ He will 
teach and do research 


in kinetics and ther 
4 


Watson in the 


modynamics 
Chemical Engineering 


Department 


(,o0drich Chemical promotes 
A. R. Webber to new as 
economic planning of production opera 
tions. Webber wa 


igniment in 


formerly a process 


control engineer im the company’s 


Product Improvement Department 


New product manager-plastics for 
the FMC Organic Chemicals Division 
of Food Machinery and Chemical 


Corp. will be Richard M. McFarland. 


Battelle Institute announces election 
of Edward E. Slowter as 
dent. Slowter has been a member ot 
the Institute 
staff since 1936 


vice-presi 


technical and executive 


David Christison, assistant director 
of the Technical Department of Socony 
Mobil Oil ¢ ompany § Paulsboro, N J 
refinery, has been awarded a Sloan 
fellowship to participate in the execu 
tive development program at M.1.1 


Howard W. Martin is one of sey 
eral Monsanto research scientists to 
he granted leave of absence for aca 
demic study for the year 1957-58 
Martin is a chemical engineer in the 
Monsanto Plastics Division at Texas 


City 


Salvatore S. Stivala, instructor in 
chemical engineering at Stevens In 
stitute of Technology, awarded one 
of first Science Faculty 


provided by the National Science Foun 


Fellowships 
dation 


Promotions at the Institute, West 
Va., plant of Carbide and Carbon in 


clude: J. H. Field as area supervisor 


| of the polyethylene area; D. P. Heath 
|} and P. W. Pontius as department 


heads, polyethylene area 


(Continued on page 120) 
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ALLOY 
FABRICATION 


“CORROSION 
RESISTING ALLOY 
“Development 

*Fabrication 


MISCO Engineered 
TANKS PIPING 
PRESSURE VESSELS 
BUBBLE TOWERS 

SPECIAL EQUIPMENT 


misco 


IGN and FABRICATION 
IT COSTS NO MORE! 


MISCO FABRICATORS, INC. 


Ovsigners, Builders, Fabricators of Heat Ressting 
aad Stainless Steel 


2420 Wills Ave. @ Marysville, Mich. 
Telephone: YUKON 5-619) 


with NICKEL-BEARIN 
— 
« 
Processing? 
| 
it = 


“unusuat opportunities | CLASSIFIED SECTION 


@ ENGINEERING PLANNING 
e@ ENGINEERING ECONOMICS 
@ ENGINEERING DESIGN 


The CHEMSTRAND CORPORA- 
TION, a leader in synthetic fiber 
manufacturing, has several open- 
ings for Chemical Engineers with 
more than ordinary ability. 
These opportunities involve proc- 
ess design, engineering eco- 
nomics and project planning. 
Successful candidates will be- 
come members of a team re- 
; Young men with advanced degrees in chemical engineering or 
sponsible for evaluating and , 
at least three years’ experience in process design of oil refining or 


Address Replies to Box Number Core of CHEMICAL ENGINEERING PROGRESS 
! 
! 
lanni h j hat f 
chemical manufacturing facilities. Opportunities directly concerned 


SITUATIONS OPEN 


CHEMICAL ENGINEERS 
PROCESS ENGINEERING 


the heart of a continuous growth ith atl f h : ; 

pregram—a program thet hes with evaluation of research projects in the petroleum and chemical 

fields and design of new process units for Shell Oil Company and 

pany in three yeors. Minimum Shell Chemical Corporation Located in the San Francisco Bay Area 

requirements call for a 8.S. in Write giving education, experience, and personal history to Employ- 

chemical engineering and five mont Supervisor. 

years’ experience in the chem- 

ical industry, petrol chemicals, 

process design, synthetic fibers 

or economics. 

Send resume of complete back- 

ground to: 

Technical Personnel Manager, 
Box E-3 

THE CHEMSTRAND CORPORATION 

Decatur, Alabama 


SHELL DEVELOPMENT COMPANY 
Emeryville 8 California 


EXCEPTIONAL HIGH SCHOOL CHEMICAL ENGINEER 
SCIENCE TEACHING Chemical engineer with distillation e« 
OPPORTUNITY perience for research an . 


New Science Department, community at midwestern laboratories 
CHEMICAL ENGINEERS With 0 to 5 years intensely interested in developing ally known food compan) 
experience in research and development strong science department because of applicant having up to 6 
at both laboratory and pilot plant levels mining and chemical processing in povesmee including a good backgrounr 
on processes having to do with sulphur dustries. Salary if B.A. plus 24 and in pilot plant development in the 
recovery from SO» bearing gases. Also 5 years teaching experience, $6100 of distillation Work involves 
work in general field of extractive metal if M.A., $6500 Bicestct housing, low investigation of a distillation 
lurgy Publication privileges, benefits rental and carries through to the 
Salary commensurate with experience Write Superintendent. Trona Uni design and start-up of « new proce 
An excellent pportunity for protessional fied School District, Trona, California or equipment Submit complete resume 
growth at prominent research institution for complete information including education, work experience 
Send full details in first letter. Box No and salary desired. Box No. 1-6 


ESSO RESEARCH LABORATORIES 


Participant in Research and Development Projects of Standard Oil 
Company (New Jersey) 
BS, MS and PhD CHEMICAL ENGINEERS needed in expanding petrochemical 


and fuels research and development program. Excellent facilities include wide range of pilot 
units from bench-scale to semi-commercial size, extensive shop facilities and high-speed com- 


puters for theoretical and process calculations. 
Location—Baton Rouge, Louisiana, a progressive community of 150,000, state capitol, 
home of Louisiana State University and chemical center of the South. 
Give full details of education, experience, date available and references. All in- 
quiries will be considered promptly and held confidential. 
Esso Research Laboratories, Department A 
Esso Standard Oil Company 
P. O. Box 551 
Baton Rouge, Louisiana 
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DU PONT NOW OFFERS 


j SIX CAREER POSITIONS OF CHALLENGE AND RESPONSIBILITY 
Ne FOR SPECIALIZED CHEMICAL ENGINEERS. 


The Engineering Service Division of du Pont’s Engineering Department provides 
consulting service and technical assistance to production, maintenance, design, 
research, and construction groups within the company. The Division's objectives 
are to assist other company units in improving plant efficiency and product quality, 
in reducing investment and operating costs, and in increasing capacity. 


Six openings are immediately available for experienced graduate engineers to provide 
consulting service to operating plants in the following specialized chemical engi- 
neering fields: 


; WATER ENGINEER REFRIGERATION ENGINEER 


BS in Ch.E. or ME plus minimum of 10 years’ ex Minimum BS/ME or equivalent. At least 5 years’ ex 
perience in industrial water treatment: boiler feed, cool perience in design and analysis of process cooling and 
img water; ion exchange, supply procurement, boiler air conditioning refrigeration systems, particulariy im 
cleaning and inspection Must have complete famil testing and performance analysis of compre-sors, 
jarity with boiler feed conditioning and waterside drives, controls and heat exchangers Duties include 
Inspection bx me 1 lesix ot wate consulting for Engineering and Plant Operations on 
Mes processes and po equipment helpful, Up t ‘ analysis, testing and development of refrigeration 


. in water procurement acceptable F i systems. Engineer will maintain haison with Company 
subetitute Duties cover consulting and aid to and outside personnel Travel to plant and other 
pany plant, design and construction engineering locations required. Must be articulate in speech and 
personnel Engineer should be mature, personable, writing and be able to perform technical and econom: 
articulate in speech and writing, able t assume analyses with minimum supervision Should have 
reaped hit in the field and coordimate activities of personal traits to fit him for consulting, liaison and 

other Must be free to travel supervision, potentially in prominent position 


PETROCHEMICAL ENGINEER PRE-DESIGN ANALYSIS 


Successful applicant will analyze existing and Duties are: assistance in the preparation and analysis 
u posed chemical processes for utilization of petrole of basic information for design of operating units 
a processing equipment and methods for obtaining greater and supporting facilities in order to obtain optimum 
yield an ‘ vestment particularly performance with minimum investment and operating 
f with res; mp Typical opera preparation of flow sheets; evaluation of process 
t tions to be evaluated incl: idization, absorp alternatives; selection and approximate sizing of 
tion, reforming, and « This requires road equipment; and establishment of heat and material 
familiarity with equipment such as hypersorbers, balances Position requires five or more years of ex 
distillation m cracking turnace low tem ‘ perience im equipment selection, economic evaluation 
ture retrigeration systems and mpressors of processes, and development of iniormation§ tor 
duties include trouble-shooting and economic evaluation design of industrial facilities 
of alternative processes and equipment 
MATHEMATICIAN for Operations 
Analysis 
PLASTICS ENGINEER Duties include: mathematical formulation of complex 
engineering and scientific problems in form amenable 
BS engineering or chemistry, minimum. 5-10 years’ to numerical analysis; non-linear regression analysis 
experience im plastics engineering for process equip of production data, using theoretical kn wledge of 
ment and auxiliary services Duties include consult chemical and engineering mechanism to select form 
ing services covering development, evaluation, selection, of production equations; and deveinpment of applied 
pe stion and fabricatios ‘ plas for mica methods to handle new industrial problems in matrix 
process equipment and auxiliaries; investigations of mathematics, numerical analysis, etc. being created 
failures and recommendations of remedial measures by the availability of large scale digital computers 
Operations are on a company-wide basis Desired 
qualifications: a PhD or equivalent in mathematics 
or physical science with den strated interest and 
experience with numerical analysis or machine m 
putation 
' For any of the positions listed above, please send a complete resume, 


including details of your education and experience, to: 


MR. K. S. MARLIN, JR., Engineering Department 


pat. ore 
7 E. |. du Pont de Nemours & Co., Inc. 
BETTER THINGS FOR BETTER LIVING 


... THROUGH CHEMISTRY 


Wilmington 98, Delaware 
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NEW YORK 
OR 
SAN FRANCISCO 


Offers immediate long range 
opportunities for 


ENGINEERS 
Chemical—Mechanical 


Process or project experience in refin- 
ery, petrochemical or chemical fields. 
Liberal relocetion allowances for you 
and your family. 
Send resume to 
Manager of Employment & Placement 
Industrial Relations Division 


BECHTEL 
Engineers and World-Wide Builders 
for Industry 
220 Bush Street 
SAN FRANCISCO 4, CALIF. 
Recruiting Offices in New York, Housten, 
Sen Francisco and Los Angeles 


PETROLEUM REFINERY 
CHEMICAL ENGINEERS 


Positions involving technical service 
and consulting type work for petroleum 
refineries are available in Refinery 
Technology Division. Chemical engi 
neers working in refinery process engi 
neering of operation and economi« 
analysis are well qualified for these 
positions. Positions offer a wide vari 
ety of work assignments in an 
panding technical activity 
with sales, research, refinery 
pany management problems ‘ositions 
also afford opportunities for industry 
wide contacts with refining and process 
companies and for using initiative and 
individual expression to increase re 
sponsibility Location in a Detroit 
suburb offers ideal professional en 
vironment with a choice of city or 
suburban living. For more particulars, 
send name and address to 
Personnel Manager, 
ETHYL CORPORATION 
1600 West 8 Mile Road 


Ferndale 20, Michigan 


PROCESS EQUIPMENT 
ENGINEERS 


Required for responsible positions in 


our Sales and Engineering Departments 
to design towers, pressure vessels, and 
heat exchangers. Minimum require 
ment—Engineering Degree 
Phone or write 
4. R. Piersol 
Downingtown tron Works, Inc. 
Downingtown, Pennsylvania 


ORO ANNOUNCES 
CHALLENGING OPENINGS IN 


OPERATIONS 
RESEARCH 


Operations research is a fast growing and prac- 
tical science attracting some of the best brains in 
the country. Its future is unlimited. If you want to 
join a group of pioneers in this new and exciting 
field, we invite you to investigate the openings 
available on our staff. Men required must be ca- 
pable of thinking creatively, must be able to work 
on their own and within a group, and must be 
keenly interested in finding answers to practical 
problems. 


ON OUR PART WE OFFER: 
1. A record of experience in operations research, 
out-distanced by perhaps no other organization. 


A scrupulously maintained professional ap- 
proach and atmosphere. 


The team approach to problem solving. On each 
team are representatives of varied disciplines 
sometimes three, occasionally as many as a dozen. 


4. Fully equipped digital and analog computing 
facilities. 
5. ORO occupies several buildings in Chevy 
Chase, Maryland, one of America’s most attractive 
suburbs. Pleasant homes and apartments in all 
price ranges are available for rental or purchase. 
Schools are excellent. Downtown Washington, 
D. C., with its many cultural and recreational 
advantages is but a 20-minute drive. 
6. Favorably competitive salaries and benefits, 
extensive educational programs, unexcelled leave 
policy. 

FOR DETAILED INFORMATION, WRITE: 

Dr. L. F. Hanson 


OPERATIONS RESEARCH OFFICE 
|O6RO| The Johns Hopkins University 


7100 CONNECTICUT Avenue 


Crevy MAR YL AHO 
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Get the most 
out of your 


engineering degree 
at LINDE’s Newest Technical Center 


LINDE is world renowned for its products and processes, the result of 


its advanced research and development programs. 


at Indianapolis Our new air-conditioned laboratories are equipped 
with the most modern tools of research, providing ideal facili- 


ties and atmosphere for creative work. 


in Engineering The manufacture of acetylene from hydrocarbons, 
and development of novel distribution systems, result in inter- 
esting and challenging problems involving thermodynamics, 


gas kinetics, and pressure vessel design techniques. 


Research Exploration in the fields of combustion chemistry, high- 
intensity flames, controlled detonations and the cutting of met- 
als by LINDE’s new HELIARC cutting method, offers excellent 


opportunities for new and creative work. 


Development Engineers, interested in flame processes, and prob- 
lems in wear, oxidation and corrosion of materials, will find 
a challenge to their ingenuity in process and application de- 


velopment of LinpDE’s Flame Plating and synthetic sapphire 


crystals. 


* * * 


You CAN AVOLD BECOMING CHANNELED into one phase of engineering 
by working with LINDE, a growing company. As part of LINDE’s pro- 
gram to develop better personnel for future management and for crea- 
live engineering, our engineers are asked to work in a variety of tech- 
nical activities, These engineering positions place a premium on indi- 
vidual initiative, since routine operations are covered by experienced 
technicians, Realize your maximum potentials. Write to J. J. Rostosky, 
Dept. CP-6, Speedway Laboratories, Linde Company, Division of 
Union Carbide, P. O. Box 8237, Indianapolis 24, Ind. For additional 


information on opportunities in the northeast, see our ad on page 42. 


CARBIDE 


60 VEARS OF LEADERSHIP 


The terms “Linde,” “Heliare,” and “Union Carbide” are registered trade-marks of UCC 
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SITUATIONS WANTED 
A.1.Ch.E. Members 


CHEMICAL ENGINEER — Ph D Ten years 
responsible experience process develop 
ment, development-production liaison, and 
plant start-ups. Publications and honor 
aries Desire responsible position with 
definite opportunity for advancement to 
administrative or management level Box 

6 

CHEMICAL ENGINEER-—-Age 32. BSChI 
1946. Nine years experience in produc 
tion supervision in large plant manufac 
turing heavy chemicals Jesire similar 
position opportunity for advancement 
Must be in area with good living condi 
tions. Box 5-6 

CHEMICAL ENGINEER — Thirteen years’ 
total experience. Process, project engi 
neering seven years M.Ch.E 1951 
Plant process design and operation 
Chemical polymer and engineering re 
search, New York City location. Mini 
mum salary $11,000. Box 6-6 


B.S.Ch.E...Some graduate study Age 40 
Five years industrial experience, vinyl! 
and alkyd research and pilot plant de 
velopment Twelve years teaching unit 
operations and industrial chemistry in 
mid-western college Desire teaching or 
industrial position, preferably Florida 
Box 7-6 

PROJECT MANAGER Twenty years expe 

rience, fifteen in project engineering 

Head of department handling $40,000,000 

annual business. Present salary approxi 

mately $14,000. Please outline proposi 

tion. Box 6-6 


CHEMICAL ENGINEER -BChE. 1952, vet 
eran, married Five years’ experience in 
process and development work Desire 
project supervision in development field 
in Michigan, Wisconsin or Minnesota 
area. Base salary expected $7,500. Box 
9.6 


CHEMICAL ENGINEER Nine years’ ex 


perience in production, cost control, plan 


ning trouble. shooting Have worked 
with organics, solvents, inorganics, fine 
chemicals and pharmaceuticals Some 


rocess engineering and development 

ill consider line or staff assignment 
Prefer N 

refer New York area. Box 10-6 


CHEMICAL ENGINEER-—-M 5 Age 
Nine years one company Seek super 
visory job in process development, indus 
trial products research, or in technical 
sales including overseas Experience in 
synthetic yarn manufacture and over four 
years in atomic energy Present salary 
$10,200 Box 11-6 


CHEMICAL ENGINEER —BChE. New York 
University, 1951 Diversified background 
including process and production engi 
neering studies, composite propellants 
Product development compounding of 
natural and synthetic elastomers, trouble 
shooting and quality control (statistical) ; 
textile experience, dye application. Box 
12-6 


CHEMICAL ENGINEER--PhD. 33 Ten 


years varied process research, develop 


ment, project engineering (chemical 
petroleum, nuclear), including super 
vision Seeking interesting position in 


research, development or teaching. Prefer 
California. Box 13-6 


CHEMICAL ENGINEER B ChE 1952 
M.S.ChE June 1957 Three years’ ex 
perience hydraulic and pneumatic systems 
design and pilot plant research and 
development, some supervisory experience 
Desire position in process of production 
engineering in New York Metropolitan 
area. $7,000. Box 14-6 


TECHNICAL DIRECTOR Ph.D Many 
years experience in direction and ad 
ministration of research and development 
along broad chemical and engineering 
lines Top level production experience 
corporate planning, technical assistant to 
president. Box 15-6 


(Continued on page 121) 


CHEMICAL 


OR 
PETROLEUM ENGINEER PROC ESS ENGIN EE RS 


MS. or PH.D. 
To direct product research on WHO WAN I TO DO 
oil and gas field equipment 
Engineer should have experi 
ence in natural gas or petro 
leum processing and possess 
a good background in thermo 
dy namics 
This important position offers 
excellent opportunity for pro The positions now open at Air Reduction offer you just such opportunity 
fessional advancement for an New plants, facilities, processes, equipment, systems, etc., ore needed for 
ambitious, creative engineer 
ovr expanded chemicol activities os well as to meet the growth in 

Please send complete informa { h 4 th 
tion and photograph to Orval demand for our industrial gases. The solutions to these projects and the 

Groves, Employment Su- maintenance of Air Reduction's leadership in the future will enable you 
pervisor, at address shown to hove o rewarding, creative satisfying career while benefiting from 


below 


the security that is inherent in a company so broadly diversified 


BUTLER MANUFACTURING 
COMPANY Our personne! policies offer you many advantages. A full range of bene 
fits include o well established pension plan, group insurance and stock 


investment plans, tuition plan to further your education. Salaries are 


7400 East 13th Street 
Kansas City 26, Missouri 


open depending on your ability and experience 


Relocation Assistance Will Be Given 


CHEMICAL ENGINEER Present openings for engineers in process design, economic evolve 


tion and unit start-up. Must be graduate chemical engineer with 3 or 
Responsible pilot plant position avail more years experience in air liquefaction, chemical or petroleum plant 


process activities 


able for graduate engineer with 2-5 
Apply or send resume attention 


years of experience. Some background Mr. E. G. Groeber, Chief Process Engineer 


in polymerization desirable, but not 

necessary. Please include resume and A | D U C 10 


salary requirement with reply } 


COMPANY INC 
Research Laboratories 5 


Interchemical Corporation 
432 West 45th Street 
New York 36, New York 


150 East 42 St. 3rd Floor * New York 17, N. ¥. * MU 2-6700 


An Excellent Opportunity 
IN DESIGN, CONSTRUCTION AND LIAISON 


CHEMICAL OR MECHANICAL ENGINEERS 
FOR DESIGN ENGINEERING AND CONSTRUCTION OF 
PETROLEUM RESEARCH PILOT PLANTS 


Engineers are needed to act as project engineers in a growing company in the field of 
process research. 

Work consists of translating process requirements into completed operating pilot plants and 
includes mechanical design, proper application of equipment, instrumentation, cost estimation, 
scheduling, materials procurement, field supervision of construction, initial operating shake-down, 
and new equipment development. 

Experience in any of the above fields is desired with the ability to direct the work of others 
and to deal with a professional research staff. Excellent opportunities for advancement. Salary 
commensurate with training and experience. 

Give full details of education, experience, desired salary, availability date and references. 
All inquiries will be considered promptly and held confidential. 


ESSO RESEARCH AND ENGINEERING COMPANY 
(Chief Technical Affiliate—Standard Oil Company (New Jersey)) 
Esso Research Center, Employee Relations—C P. O. Box 51, Linden, N. J. 
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CHEMICAL & “MECHANICAL ENGINEERS 
are offered opportunity to advance 
professionally in diversified growth company 


A 


AIR PRODUCTS 
10 YEAR GROWTH 


LIQUEFACTION 

H, He 
LOW TEMPERATURE PROCESSING 


The Company is the leader in the engineering, design, 
manufacture and construction of plants and systems for 
the separation of gases such as Oxygen, Nitrogen, Carbon 
Monoxide, Hydrogen and other low boiling building blocks 
of the chemical industry. We must expand the entire organ- 
ization to meet the increasing demands of the steel, metal- 
lurgical and chemical industries, and for national defense. 


Selected Assignments 


* PROCESS DESIGN ENGINEERS 
* RESEARCH & DEVELOPMENT ENGINEERS 
* PROJECT ENGINEERS 
* ESTIMATING & ECONOMIC EVALUATION ENGINEERS 
* MECHANICAL ENGINEERS 
* DESIGN ENGINEERS 
* CONSTRUCTION ENGINEERS 
* FIELD OPERATIONS MANAGER 
* OPERATING SUPERINTENDENT 
* MANUFACTURING & PROCESS ENGINEER 
* SALES ENGINEERS 
AIR PRODUCTS, INC., situated in Eastern Pennsylvania at the 
foothills of the lovely Pocono Mountains, with ready access to 
three fine universities as well as other cultural and recreational 
facilities, offers you... 
1. High professional salary scale. 
2. Compeny paid advanced educational program. 
3. t dical and life insurance program. 
4. Bonus and profit sharing opportunities. 
5. Fine retirement plan. 
At AIR PRODUCTS you will work 
with recognized leaders in the industry. 


Send resume in confidence to Mr. E. J. Strobel 


Air Products 


« « INCORPORATED 


Allentown, Pa. 


: 
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las 
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P.O. Box 538 


DIRECTIONS FOR USE OF CLASSIFIED SECTION 


Advertisements in the Classified Section are payable in advance at 20¢ a word, with a 
minimum of four lines accepted. Box number counts as two words. Advertisements 
average about six words a line. Members of the American Institute of Chemical Engi 
neers in good standing are allowed one six-line Situation Wanted insertion (about 36 
words) free of charge a year. Members may enter more than one insertion at half rates 
Prospective employers and employees in using the Classified Section agree that all com 
munications will be acknowledged; the service is made available on that condition Boxed 
advertisements are available at $17 a column inch. Size of type may be specified by 
advertiser. Answers to advertisements should be addressed to the box number, Classified 
Section, Chemical Engineering Progress, 25 West 45th Street, New York 36, N. Y. Tele- 
phone: COlumbue 5-7330. Advertisements for this section should be in the editorial 


offices the 15th of the month preceding publication 
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people 


William J. Sparks, co-inventor of 
butyl synthetic rubber, appointed to 
position of scientific advisor by Esso 
Research and Engineering. 


Edward T. Marshall, formerly 
manager of project development in 
the Chemical Products Dept. of Esso 
Standard Oil Co., has been named 
deputy for the coordination of the 
world-wide chemical activities of the 
Standard Oil Co. (New Jersey). 


Michael Markels, Jr., formerly 
manager, Heat Transfer Operations 
of the Columbia Uni- 
versity Heat Transfer 
Research Facility, has 
been appointed to head 
the nuclear activities of 
the Atlantic Research 
Corp. Markels comes to 
Atlantic Research after 
five years at the Columbia facility. 


Markels, Jr. 


George T. Dib becomes first engi- 
gineer to pass the state nuclear en- 
gineering examination in Pennsylvania. 
He will engage in private consulting 
activities in the nuclear field. 


Stauffer Chemical names Hugh 
Wynn as plant manager of their 
titanium tetrachloride plant now under 
construction in Ashtabula, Ohio 


Richard W. Robinson joins staff 
of Esso Research and Engineering, 
Planning Engineering Division. 


Garrett R. Cantwell, presently 
manager of DuPont's Newark, N. J., 
pigments plant, appointed manager- 
designate of the company’s new tita- 
nium dioxide plant under construction 
at New Johnsonville, Tenn. 


Marion B. Geiger appointed di- 
rector, general development, of Hooker 
Electrochemical Co., 
Niagara Falls, N. Y. 
Geiger has been gen- 
eral manager, Oldbury 
Products, since the 
consolidation of Old- 
Geiger bury Electro-Chemical 
Co. into Hooker last 
November. 


Spencer Chemical announces pro- 


| motion of Byron M. Kern to position 


of general manager of production, 
Agricultural Chemicals Division. 


Thomas S. Nichols, 
president of Olin Math- 
Chemical Corp 
since 1954, 
chairman of the Board 
of At the 
same time, Stanley de 

J. Osborne is 
president 


ieson 
bec omes 
Directors Nichols 
named 
of 
Osborne 


new the 
corporation 
has been executive vice- 
president in charge of 
the company’s interna- 


Osborne tional operations. 


General Electric Wyman 
Goss as manager of their Pittsfield, 
Mass., phenolics product plant. Goss 
joined General Electric in 1929. 


names 


Garlock Packing Co. elects two new 
vice presidents: Albert J. McMullen 
and Donald F. Fraser. 

Earle S. Pedigo 
visor, Viscose Section, at the Marcus 
Hook plant, of the 
American Viscose Corp 


becomes super 


Film Division, 


the chemical engineer in 
MARKETING 


Charles J. Kentler, Jr., named New 
York district sales manager and 
Charles B. Goff, Jr., will be Pitts 
burgh district sales manager for Rock 
well Manufacturing Company's Meter 
Valve 


and Division 


Westinghouse Flectric Corp. an 
nounces that James H. Jewell, vic« 
president in charge of sales, has been 
appointed to new post of vice-president 
of marketing 


in charge 


entative in the St. Louis 


will 


Sales repre 
area for the Pfaudler Co 


Robert H. Schwaig. 


be 


Olin Mathieson Chemical 
appointment of John F. Synan and 
Walter W. Northgraves to the market 
In 


anounces 


development department of their 
dustrial Chemicals Division 


Spencer Chemical Co. announces ap 
pointment of Sidney N. Gay as gen 
eral sales manager of their Industrial 


Chemicals Division 


New western sales manager of in 
dustrial chemicals for American Pot 
ash & Chemical Corp. will be Ralph 
N. Hoh. Hoh has been with Ameri 
can Potash & Chemical since 1939. 


« « Process Control 
. « « « Quality Control 


Pennsylvania, West Virginia, and Virginia 


resumes to 


CHEMICAL ENGINEERS 
Opportunities in Chemical Process Operations 


Chemical engineering “troubleshooting” 
Products are synthetic fibers, films, and plastics 
Openings ere technically challenging and 


offer good advancement opportunities 
B.S. end M.S. Chemical Engineers with 1-6 years of experience. Send 


Recruitment Director 


AMERICAN VISCOSE CORPORATION 


1617 Pennsylvania Boulevard 
Philadelphia 3, Pennsylvania 


Locations of our eight plants 


Applications are invited from 


WE NEED 
MORE ANSWERS 


... and our own staff just can’t get them 
fast enough to keep up with our growing 
programs. We need Chemists and Chem- 
ical Engineers (with up to 5 years’ expe- 
rience) to help us in our Molecular 


Sieve Development work. 


If you are interested, write Mr. R. P. 
Kalle, Dept. MS-6, Linde Company, Di- 
vision of Union Carbide Corporation, 
P.O. Box 44, Tonawanda, N. Y. 


LoD 


| 
| 
| 


SEASONED ENGINEER 


CHEMICAL ENGINEER 


CHEMICAL ENGINEER 


SITUATIONS WANTED 
A.L.Ch.E. Members 


(Continued from page 118) 


BS.ChE M.LT 

Development project evaluation, 
planning. economic studies Pilot plant 
design and management Imaginative 
Petroleum, ordnance, detergent experience 
Fifteen years’ present company. Northern 
New Jersey. $12,000 Box 16-6 


age 45 


Ph.D PE 
Eight years’ diversified R & D experience 
including process development, statistics 
Seeking technical management position 
Salary in five figures. Box 17-6 


Ph.D Desire aca 
demic position in an accredited chemical 
engineering department with opportunities 
for contractual and consulting work 
Ten years responsible experience in 
process development and epecialized ex 
perience in spray drying and crystallize 
tion. Publications and honoraries. Box 
16-6 
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50 YEARS OF 
LEADERSHIP 


The terms Lavoe aed 


The Molecular Sieve Program covers 


e Adsorption 

e Separation of hydrocarbons 
e Gas drying and purification 
Catalysis 

e Process development 

© Plant Design 

Cost estimating 


ere registered rade marke 


CHEMICAL ENGINEER 


position of 
to advise customers 
operation of Girdier 
This position, in our rapidly 
Catalyst department, offers 
growth and promotion 
process, or 
operating experience in the chemical 
industries. Send resume 
academic record 


to M A 


desired for a Technical 
Service Engineer 
on the use 
Catalyete 
expanding 
opportunity for 
to « man with 


and 


ofr petre 
of experience, age 
salary requirements 


Densford 


THE 


ete 


GIRDLER COMPANY 
224 Broadway 


Lewisville, Kentucky 


USE CEP for Progress in 
Obtaining the Best 
Chemical Engineers 
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Look No Further 
For Quality... 


Because BISHOP small diameter tubing 
is not excelled in accuracy of 1.0. and 
in dimensional precision . . . 
in tolerances . . . in finish. ‘ 


Whether it be "a précision part in 

aircraft... a ther- 


tubing is needed to meet 
corrosion, heat, shock, stress, psi 
pressure resistance and vibration . . . 
for highest quality and performance 
specify BISHOP tubing, at compa- 
rable prices. 
SEAMLESS AND WELDED AND 
DRAWN STAINLESS STEEL TUBING 


Mechanical, Capillary, Hypodermic 
and Aircraft Grade 


008” to 1.000” 0.0.- to .083” Wall) 


_ NICKEL AND ALLOY TUBING 
(upto 625” 0.0.) 


J. BISHOP & CO. 


Staintess Steel Products Division, Malvern, Pennsylvania 


122 


the chemical engineer in 
MARKETING 


Morgan C. Plummer has been ap- 
pointed to the newly-created position 
oi supervisor of Pydraul sales for 
Monsanto Chemical Company's Or- 
Plummer 


ganic Chemicals Division 


has been associated with Monsanto 


since 1943 


Milton Roy Co. announces appoint 
ment of John Procopi as sales man 
ager. For the past four 

years, Procopi has been 

manager of market de 

velopment for Milton 

Roy Also at Milton 

Roy, H. Rodman Smith 


will be assistant sales 


Procopi 
manager 


Rudolf Cerny named sales engi 
neer, Aerosol Valve Division, Sun 
Tube Corp. Prior to his new appoint 
ment, Cerny was project engineer for 
Sun Tube, a subsidiary of American 


Can Co 
Faton-Dikeman Co. announces 
pointment of C. E. Avery, Jr. 
sales engineer. Avery comes to Eaton 
Dikeman with more than eight years 
of sales engineering experience in the 
chemical and food processing indus 


tries 


P. S. Vail is now sales representa 
tive in the Chicago district office of 
the Chemical Division of Celanese 
Corp. of America 


New Dorr-Oliver offices in Pitts 
burgh will be headed by Richard M. 
Sibley. Sibley has been previously 
associated with American Cyanamid 
and Singmaster & Bryer 


Chemical Division of Koppers Co 
appoints John Sharp and Robert C. 
Clarke as sales representatives in 
charge of new Kansas City and Twin 
Cities offices, respectively 


Philip H. McLaughlin, formerly 
head of the sales development depart 
ment, has been 
sales administration at the New York 
office of Stauffer Chemical Co 


appointed manager of 


Necrology 


J. Paul Bishop, 58, director of J 
aul Bishop & Associates, Cham 
paign, Il 
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DAVIS- 
Built 
Precision 


100 Ibs. to 8,000 Ibs. 
per Batch! 

Gives 100% uniform mix in minutes— 
Ory Powders, chemicals, pharmaceuticals, 
vitamins, dry and molasses feeds, self- 
rising flour and meal, cold shortening, 
fertilizers, insecticides. Abolishes guess- 
work and downtime. Modestly priced. 
Write for literature. 


DAVIS SONS’ 
Co. 


ings, 
Established 1894 


WASTE DISPOSAL 


RADIOACTIVE 

EXPLOSIVES 

PYROPHORIC MATERIALS 
POISONOUS GASES 
FLAMMABLE MATERIALS 
CONTAMINATED EQUIPMENT 
TOXIC MATERIALS 

ACIDS AND CAUSTICS 


COMPLETE SEA DISPOSAL 


Serving the U. S$. Since 1946 
Truck pick-up for safely removing danger- 
ous waste is provided by Crossroads 
Waste can also be shipped conveniently 
to Crossroads for disposal from any point 
in the country using the proper type con- 
toiners shipped in accordance with ICC 
regulations. Crossroads will supply con- 
tainers and shipping instructions, if de 
sired 


Authorized by all necessary Federal, State 
and Local Authorities 


Call, write or wire for complete information 


MIXER 
Need Tubing? Then 
| | 
| | 
| 
TUBULAR FABRICATED PARTS 
GLASS-TO-METAL SEALING ALLOYS 
| Catalogs on Request. For Prompt Service, Fost 
Deliveriex Call Malvern, Pa. 3100 
7 By MARINE 
Crossroads 


Ace Glass Incorporated 
Aerofin Corporation . coon 


95 
Aldrich Pump Co., The sectensaces 16 
Allis-Chalmers 
American Air Liquide 97 
American Hard Rubber Co 34 
Atlas Mineral Products Co 96 
Barnstead Still & Demineralizer Co. 106 
inc., Arnold O 46 
Bethlehem Foundry & Machine Co 31 
Binks Mfg. Co 64 
Bishop & Co., J 122 
Blaw-Knox Compony, Chemical Plants 

Div 29 
Brookfield Engineering Labs, Inc 80 
Cambridge Wire Cloth Co. own 72 
Carborundum Co., Refractories Div 8! 
Carlsen, Inc., G. O 
Chempump Corporation 35 
Cole Mfg. Co., R. D 105 
Continental-Emsco Co. Div 50 
Croli-Reynolds Co., Inc 69 
Cross Roads Marine Disposal Corp 122 
Crucible Steel Co. of America 38 
Curtiss-Wright Corporation 65 
Davis Engineering Corp. 82 
Davis Sons’ Mill Machinery Co., H. C 122 
Dean Thermo-Panel Coil Dean 

Products, Inc 123 
Doerr Gloss Co . 107 
Dorr-Oliver Incorporated 6! 
Dow Chemical Co 83 
Downingtown tron Works, Inc 36 
Duraloy Company, The 84 
Eaton-Dikeman Company 100 
Eimco Corporation 12 
Elliott Company 102 
Fairbonks, Morse & Co 47 
Fanstee! Metallurgical Corp 101 
Firestone Plastics Co. 4! 
Fisher Governor Co 77 
Fluor Corp., Ltd., The 52 
Foram Corp., The 105 
Foster Wheeler Corp 71 
Foxboro Company, The 66-67 
Gas Atmospheres, Inc 59 
General Americon Transportation Corp., 

Turbo-Mixer Div 39 
Gilbert Co., M 105 
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Graham Mfg. Co., Inc 48 
Great Lokes Carbon Corp., 

Electrode Div 73 

Dicalite Div 91 
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Gutehofinungshitte 105 
Hardinge Co., Inc 113 
Haveg Industries, Inc 92 
Ingersoll-Rand 89 
Kotes Co, W. A 108 
Kellogg Co., M. W., The 68 
Lapp Insulator Co., Inc 7 
Leslie Compony 18 
LimiTorque Corp 3 
Linde Company, Div. of Union Carbide 

Corp 42 
Lithium Corp. of America, Inc 5) 
Lummus Co., The 49 
Manning & Lewis Engineering Co PA 
Metal Textile Corporation 78 
Misco Fabricators, Inc 114 


Outside Back Cover 


Mixing Equipment Co., Inc 
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National Carbon Co., Div. of Union Carbide 


Corp 25 
Niagara Blower Co 90 
Nofsinger Co., The C. W 104 


Parsons Company, The Ralph M., 
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Patterson-Kelley Co., Inc 57 
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Philadelphia Gear Works, Inc 13 
Proctor & Schwartz, Inc 63 
Rempe Company 107 
Rodney Hunt Machine Co 79 
Roots-Connersville Blower Div. of Dresser 

Industries, Inc 86 
Sargent's Sons Corp., C. G 32 
Schutte & Koerting Co 107 
Sharples Corp., The 75 
Shriver & Co. Inc., T 109 
Sigmamotor, Inc 123 
Southwestern Engineering Co 33 
Sperry & Co, D. 74 
Spraying Systems Co 103 
Stanford University Press 104 
Struthers Wells Corporation 45 
Sturtevant Mill Co 5 
Superior Tube Co 99 
Swift Gloss Div., Swift lubricator Co., 
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Syntron Company 70 
Taylor & Co, 114 
Texas Gulf Sulphur Co 85 
Thayer Scale Corp 30 
Thermo Electric Co., Inc 109 
Truland Chemical Co., Inc 98 
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This VALVE WARMER, or COOLER, 
RECENTLY ANNOUNCED 

is receiving much favorable attention by 

Chemical Engineers See our ad, page 

120, of the April 1957 issue of this 

journal where we show a curved 


coil 


By similarly curving « Dean Panel 
around a vaive, as shown above. we have 
a VALVE WARMER, often desired by 
Chemical Engineers § for various uses 
where warmth is needed tor the main 


fluide and 


petroleum 


flow of Viscous 
asphalt 


tenance of 
liquids such as wax 


usually much 


glycerine, The coat is 
lower Lighter in weight Occuptes lees 
space Simpler More economical 
hazards The saving in time 
for installing makes it a decidedly pre 
ferred device 
FOR COMPLETE DATA 
ask for Form Aleo, Bulletin 355 
52 pages gives full technical informa 
tion on the Dean Thermo Panel Coil tor 
many purposes Bulletin 257 gives de 
sign and price data Nek for any of all 
and, if you want hels mn heat trajeler 
our epecialistes 


problems all on 

Backed by 20 Years of Pane! Coil Mi 
DEAN THERMO PANEL CON DIVISION 

DEAN PRODUCTS, INC 615 Franklin Ave 

BROOKLYN 36, N. tel 9 54 


PUMP 


Liquids WITHOUT 
CORROSION 
Gases 


CONTAMINATION 


Slurries 


Weavelike 
Motion 
of Stee! 
Finger 


Forces Material Through Tubing ay 


Capocities 
0.2 «. per min. 
to 456.P.M 
Prices range from $60.00 to 
$550.00 


ond accessories 
Write for Catalog 


SIGMAMOTOR, INC. 


20 North Main %. @ Middleport, NY 
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Committee work is one of the most valuable 
activities of the Institute... The member who 
does not volunteer his services to a committee 
usually does not realize how much these groups 
accomplish for him. . . . As it is impossible to 
publish running reports on committee projects, 
the few lines of notice in this column or in 
C.E.P. often must be taken as the signal that 
many years of work by many members of the 
Institute has been brought successfully to a con 
clusion. In this column we will try to give 
the activities currently engaged in by Institute 
committees so that the membership as a whole 
may know something about the programs that 
at present concern the chemical engineering 
... Admissions Committee, under A. 


Jonnard, meets once a month to consider all 
applications for membership &, in addition, 
works with Council on reevaluating the inter 
pretation of the Constitution in the light of 


Admissions Committee practices A subcom 
mittee has been appointed by Jonnard to review 
the committee's rules of procedure. . . . Awards 
Committee, under E. R. Gilliland, is even now 
voting on recipients of the William H. Walker 
Award, the Junior Award, & the Professional Prog- 
ress Award for 1957. ... Career Guidance Commit- 
tee, under M. C, Throdahl, has just completed, 
through Raphael Katzen, a career guidance 
manual entitled Opportunities in Chemical 
Engineering. .. . Chemical Engineering Educa- 
tion Projects Committee, with Bob Kintner as 
chairman, is getting ready for the next issue of 
Chemical Engineering Faculties & has just com 
pleted a major revision of the Chemical Engt- 
neering Problems... . Constitution and By-laws 
Committee, under W. E. Lobo, is currently re 
viewing a by-law change proposed by Council 
in the student area. ... Education and Accredita- 
tion Committee, R. A. Morgen, chairman, has 
taken action on the chemical engineering cur- 
ricula at twenty schools ... A new definition of 
the chemical engineering curricula to be ac 
credited is to be presented to Council for action 
in June. Equipment Testing Procedures 
Committee, C. H. Brooks, chairman, is the proud 
originator of three testing procedures . . . So far 
this year two have been issued, on absorbers & 
condensers, the latter being the second standard 
to come out of the Heat Exchange Subcom- 
mittee . .. Currently the committee has projects 
underway on agitators, corrosion, distillation, 
driers, evaporators, & pe .. Ethics Com- 
mittee, W. I. Burt, chairman, is not, we are 
happy to report, considering any problems . 
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This committee is composed exclusively of 
past presidents. . . . Executive Committee, J. H. 
Rushton, president, has been meeting about once 
a month since the beginning of the year to 
conduct Institute business assigned to it by 
Council . . . Its problems are varied & often it 
calls in for advice special committees of the In 
stitute... . Fiftieth Anniversary Committee, C. 
G. Kirkbride, chairman, is a special committee 
organized to handle the celebration of the 
Fiftieth Anniversary of the Institute, June 22-27, 
1958, in Philadelphia . . . It is well along in its 
plans & the week-long program promises to be 
an event that will be long remembered by those 
who attend. . . . Institute Sections Committee 
has been extremely busy under J. C. Dart, chair- 
man... Its job is to consider applications from 
groups of chemical engineers for chartering of 
local sections & also to review by-laws . . . This 
year the Syracuse, New York, group has been 
recommended for local-section status. .. . Mem- 
bership Committee, J. J. McKetta, chairman, is 
trying to get 2,000 new members for 1957 

We have spoken about this many times in this 
column & every local-section member is well 
aware of the intensive drive that this group is 
conducting to increase membership broadly 
throughout the profession. . . . Nominating Com- 
mittee is at this point considering a list of candi 
dates suggested by petition & also in committee 
&, as outlined last month, the slate of candidates 
will be available by July 15... W.G. Whitman, 
chairman, is at present in Japan. . . . Pollution 
Control Engineering Committee, Roy Weston, 
chairman, recently advised Council of the feasi 
bility of A.LLCh.E. being one of the sponsors of 
American Sanitary Enginecring  Intersociety 
Board . A subcommittee of this committee 
arranged a portion of the program for the Air 
Pollution Control Association Golden Jubilee 
Meeting on June 2-6, 1957 .. . One of the mem 
bers, C. A. Bishop, is our representative to the 
E.].C. Committee on Air Pollution. . . . Profes- 
sional Development Committee, under F. F. 
Reese, is one of our most active groups .. . In 
January it had a long session with Council, 
reporting on many of its plans for future ex 
ploration in the professional area . None of 
the projects are fir enough along to report on 
formally, but every one of the members of this 
committee is enthusiastic about the potential 
.... The rest of the committees so ably serving 
the profession will be reported on in this column 
next month. 
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== How is your expansion 
program doing? Has it been delayed? 
Is it scheduled to begin soon? Regard 
less of the time factor, Parsons’ 
Technical Planning Services* plus 
designt, procurement and construc 
tion are available to Industry and 
Government with the future in mind. 
By taking advantage of these service 
now, your facilities will be ready 
when you want them—where you 
want them—the way you want them 


to put you one step ahead of the field. 


ahead! 
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‘Technical Planning Services include Be 
Studies and Appraiaals, Geological 
Raw Material pation te 
j election, Master Planning, Research and 
Devel ent. Pilot Plant dies, and Crite 
m develo ene 
Proce Mechanical, Electrical, Structural, 
il and other enginecring services, 


How this shaft deflection test 


can give you better fluid mixing 


Some secrets of efficient fluid mixing 
lie hidden beneath the tug-and-pull of 
fluids buffeting this LIGHTNIN Mixer’s 
impeller. 

These fluid forces are beginning to 
yield clues that can help you get im 
proved mixer design and lower mix 
ing costs. 

Solving the seal dilemma 
For example, if you're mixing fluids 
under pressure or vacuum, you prob 
ably want the great operating econ- 
omy of a rotary mechanical seal 

You want the shaft diameter large 
enough to run with minimum deflec 
tion, to keep the sealing faces accu 
rately aligned—but not larger than 
really necessary. 

Seeing what deflection looks like 
That is one reason why, as the 4-inch 


shaft on this 50-horsepower Licut- 


NIN test unit revs up toward its natural 


vibration frequency, four Mixco-de- 

signed strain-gage pickups start “tak- 

ing the pulse” of the rotating shaft 
Ar the 


trace a profile of the frequency and 


recorder, four electric styli 
amplitude of shaft deflection during 
the run, in various liquid depths, and 
under different conditions of impeller 
size, location, and tank baffling. The 
data are accurate to 0.0005 in. 
Combined with continuous torque 
measurements, this COMPOSITE protile 
provides basic data for computing the 
stresses acting in the shaft. 
Getting rid of a bearing 
Fthiicient mixer shaft sealing is only 
They 


also permit highly accurate design of 


one product of these test runs 


overhung shafts to operate without a 
steady bearing in the tank bottom, 
thus eliminating a major maintenance 
cost item. 

This is one of the new directions 
Mixco research is taking. Our re- 
search department welcomes the op- 
portunity to Cooperate with you in 
any phase of your work leading to 


more efhicient fluid mixing. 


MIXCO fluid mixing specialists 


MIXING EQUIPMENT Co., Inc.,199-f Mt. Read Bivd., Rochester 11, N.Y. 
In Canada: Greey Mixing Equipment, Ltd., 100 Miranda Ave., Toronto 10, Ont. 
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